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Abstract 
The potential impact of sea level rise on Lake Ellesmere – Te Wiahora and the subsequent 
effect on the efficiency and performance of the L2 Drainage network was investigated in 
relation to the operation of the L2 Drainage scheme.  Lake Ellesmere is currently manually 
opened for drainage to the sea when the lake levels reach 1.05 m above mean sea level (asl) 
in summer and 1.13 m asl in winter.  With a rise in sea level, the lake opening levels for both 
summer and winter would have to increase in order to maintain the current hydraulic 
gradient.  Higher lake levels would impact drainage schemes such as the L2 drainage 
network.  An integral research approach was used to study this potential impact, including 
fieldwork, analysis of data, hydrologic and hydraulic modelling.  Both the hydrologic and 
hydraulic response of the L2 catchment and river were reproduced with reasonable accuracy 
by the use of computational models.  Simulations of 2, 10 and 20 year annual recurrence 
intervals (ARI) rainstorm events coupled with higher lake levels show increase flooding 
along the length of the river.  An increase in the lake opening levels, coupled with south-
easterly wind was shown to have increased the degree of flooding on adjacent farmlands, but 
only a 3.50 per cent increase of water level (for all conditions simulated) 3.5 km upstream of 
the L2 River.  The study clearly shows that weed growth within the L2 River plays an 
important part in controlling the water level within the channel.  Results show it was 
responsible for an observed water level rise of 0.30 m from the winter to summer season.  
The combined use of hydraulic and hydrological models provides an effective tool to study 
future impacts on the drainage efficiency and performance of the L2 drainage scheme and 
other similar systems.  The potential for both models to be used as a predictive tool for 
improving the operation of the L2 scheme and Lake Ellesmere was only limited by the 
difficulty in estimating model parameters especially for the hydrologic model. 
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1 Introduction 
“Lake Ellesmere (Te Waihora) is a large shallow, brackish coastal lake” (Taylor 1996)  
located south of Christchurch, adjacent to Banks Peninsula (Figure 1-1). The lake has been 
described as highly eutrophic. The consequences of eutrophication can include 
deoxygenation of the bottom waters and sediments, regular blooms of toxic algae, profuse 
weed growth and lack of salmonid fish (Wong 1999). It receives inflows from surface runoff 
via tributaries and drainage schemes, groundwater and seawater intrusions (Figure 1-2). The 
lake catchment extends from Banks Peninsula to the foothills of the Southern Alps, roughly 
between the Waimakiriri and Rakaia Rivers, and covers an area of 276000 ha. Seventy five 
per cent of the catchment is flat to undulating and twenty per cent of this land has been 
described as highly productive (Taylor 1996). There are around 40 minor tributary streams 
and drains discharging directly into Lake Ellesmere. These include streams such as Harts 
Creek, Irwell River, Kaituna River, Prices Valley Stream, Doyleston Drain and the L2, 
which is of particular interest to this research. 
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Figure 1-1 Location of Lake Ellesmere, the L2 River and Banks Peninsula (Land Information New 
Zealand 1:50000 Topographic Map sheets) 
 
 
Figure 1-2 Representative cross-section of the lake, the sea interface and groundwater flow 
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The L2 drainage catchment is located within the Selwyn District Council (SDC) and is 
predominantly a highly productive farming area. The catchment has an area of 5067 ha 
between Rattletrack and Powells Roads and has a total length of classified drains of 64.4 km. 
The main drain for this scheme is the L2 River that flows from Lincoln township to Te 
Waihora; this is approximately 10.3 km (Iremonger 2005).  
As the lake level rises, the surrounding land floods and the drainage system in the catchment 
responds more slowly. In order to prevent flooding and improve drainage in the catchment, 
Lake Ellesmere is opened on average three times per year to the sea by using heavy 
machinery to create a passageway between the lake and the sea (Kaitorete Spit) (Figure 1-2). 
This manual method of opening the lake to the sea has been used since the 1800s and is the 
most cost-effective way to reduce the level of the lake. 
A higher mean lake level would have more advantages than disadvantages for the lake 
ecosystem. However, the higher lake level would negatively affect agricultural use of the 
adjacent farmlands (lake margins).  
Climate change, however, could have an impact on the level of the lake or on the number of 
times the lake has to be opened.  A study in the US journal Science suggests a rise in sea 
level of several metres could be reached before the end of the century (Ricon 2006). This 
study combines computer models of rising temperatures with records of the ancient climate 
that indicate that average sea levels around the world could rise by up to 6 m (20ft) by 2100, 
placing millions of people at risk. Mean sea levels around New Zealand have already shown 
a 10 cm to 20 cm rise over the past 100 years  and it is expected to rise between 9 to 88 cm1 
by the end of the century (Ministry for the Environment). The rise in sea level will have an 
 
1 Extreme values from Ministry for the Environment report 
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impact on Lake Ellesmere. This in turn will have an effect on the efficiency and 
performance of the drainage network.  
In order to study the potential impact of lake level rise on the efficiency and performance of 
the drainage networks within the region, this research has focussed on the L2 catchment 
which is representative of the drainage networks found within the Lake Ellesmere 
catchment. The reasons for studying the L2 district are the simplicity of the drainage 
network, it is representative of other drainage networks within the Lake Ellesmere 
catchment, availability of data, resources and the size of the district. The L2 is also the 
largest single source of fresh water flowing into Te Waihora/Lake Ellesmere (Maw 2004).  
The research was carried out by field work and hydrologic (HEC-HMS) and hydraulic 
(MIKE 11) modelling. This project was carried out in collaboration with the Selwyn District 
Council (SDC), the Waihora Ellesmere Trust and Environment Canterbury (ECan) and 
serves as a case study to understand similar drainage problems around Lake Ellesmere. 
1.1 Objectives 
The general objective for this thesis is to understand the flow dynamics of the drainage 
network so that the behaviour of the L2 drainage system can be predicted as Lake Ellesmere 
levels fluctuate. 
The specific objectives are: 
1. To investigate the efficiency of the existing L2 drainage system. 
2. To simulate drainage conditions when the lake level rises. 
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3. To analyze and evaluate the water balance between the sea, lake and the L2 
drainage system. 
4. To recommend guidelines for improving the drainage of the L2 District. 
1.2 Thesis Structure 
Background information on Lake Ellesmere and the L2 River is given, followed by a review 
of relevant literature. 
Descriptions of methodology and results are presented in separate sections, for each of the 
three phases of the project: fieldwork, analysis of data and computational modelling. 
The results of all three phases are then integrated and discussed in the context of the thesis 
objectives. 
1.3 Description of Methodology 
An integrated combination of fieldwork, data analysis and computational modelling was 
used in this study to investigate the impact of sea level rise on Lake Ellesmere – Te Waihora 
and the L2 drainage network. 
Capacitance water level loggers were installed; water level data were obtained for the 
purposes of calibration of the models, the construction of flow-height (Q-h) rating curves 
and the calculation of lag times. Cross-sections of the river were selected and surveyed to 
gather the information required for the building of the hydraulic model. Streamflow gauging 
was also carried out to aid in the construction of the Q-h rating curves. The time spent 
working on the river provided insights into the extent and volume of storage during periods 
of high flow. 
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Analysis of data obtained from the capacitance water level, lake opening, rainfall, and 
streamflow was undertaken. Results from this phase of the analysis were used as the 
verification data for the computational modelling, and raw data were used to set boundary 
conditions for the models. 
Computational modelling allowed for the effects of varying boundary and initial conditions 
to be investigated. A properly constructed and calibrated computational hydraulic model is 
equivalent to having a water level logger and a rating curve at every cross-section (Dark 
2005). 
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2 Background 
2.1 Overview of the L2 Drainage Scheme and Catchment 
The L2 catchment, which was defined by the drainage network, is located on the east side of 
the South Island, south-west of Christchurch and is delineated in Figure 2-1.  It has a total 
area of approximately 8271 ha (20438 acre) and is part of the larger Lake Ellesmere 
catchment where the L2 River drains into the Lake.  
 
 8 
 
 
Figure 2-1 The L2 drainage catchment and scheme (Land Information New Zealand 1:50000 Topographic Map sheets) 
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Pasture for grazing is the predominant land use within the catchment. Horticulture is the 
second largest land use, dairying is a minor use of land within the catchment and lifestyle 
blocks make up the remainder (Figure 2-2). The study area is very gently rolling land. The 
L2 River rises from a significant spring east of the Lincoln township. The stream forms part 
of an intensive drainage network (L2) and is also used as a source of irrigation and stock 
water. There are a large number of surface water takes, discharge consents and groundwater 
abstraction wells in the catchment, which are also used for irrigation purposes (Appendix A). 
 
Figure 2-2 Land use within the L2 catchment (New Zealand land use cover database) 
 
The direction of flow of groundwater in the L2 catchment in is the east, south-easterly 
direction towards the coastline. Groundwater originating from the Waimakarri River either 
flows below the confining strata into the aquifers, or above the strata into near-surface gravel 
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 the lake.  
                                                
channels at the unconfined-confined aquifer boundary. These channels contain springs 
that form the source of the L2 River (Rosen and White 2001). The depth to groundwater 
varies throughout the catchment from between 0.2 m and 4 m in depth with a seasonal 
variation accounting for minor fluctuations (Rosen and White 2001). 
The local authority that has jurisdiction and manages the L2 drainage scheme is the Selwyn 
District Council (SDC). It has overall responsibility for the activities and developments in 
the area. The Selwyn District is part of the region covered by Canterbury Regional Council. 
2.2 The Role and Description of Lake Ellesmere 
Lake Ellesmere is one of New Zealand’s most important wetland systems, particularly in 
regard to wildlife habitat, and was recognized in 1981 by the International Union for the 
Conservation of Nature as being of international importance (Taylor 1996). The bed of the 
lake was returned to Ngai Tahu by the Crown as part of the Ngai Tahu Claims Settlement Act 
1998. These water bodies are of significance to the local runanga for spiritual and food gathering 
reasons. The local and regional communities attach values to these waterbodies and anglers and 
other recreational users also use them (Shaw 2006).  
Te Waihora (meaning ‘water spread out’) is regularly opened to the sea artificially to prevent 
flooding of adjacent land which is used for farming. At least 20 per cent of the land area is 
considered to be highly productive (Taylor 1996). In order to prevent flooding and improve 
drainage in the catchment, Lake Ellesmere, (the fourth largest lake (in surface area) in New 
Zealand) is opened on average three2 times per year to the sea by the use of heavy 
machinery to reduce the level of
 
2 For the period 1945 – 2005. 
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The lake is very shallow, with the natural deepest parts being just over 2.7 m at the eastern 
end of the lake and the average depth is 1.4 m. The large surface area can be attributed to the 
shallow grade of the land. At a level of 0.65 m above mean sea level (asl) the lake occupies 
an approximate area of 18000 ha while at 1.05 m asl the lake occupies an approximate area 
of 20685ha (Taylor 1996). There is no permanent outlet for Lake Ellesmere. It has been 
estimated that without human intervention the lake level would rise as high as 4 m asl, 
approximate area of 38900 ha, before naturally breaching the Kaitorete Spit to provide an 
outlet to the sea (Horrell 1992).  
In 1947 the North Canterbury Catchment Board became responsible for lake management 
and instituted a management regime that required the lake to be opened when its height 
above mean sea level reached 1.05 m in the summer and 1.13 m in the winter (Taylor 1996). 
The variation in the level of Lake Ellesmere has been a source of concern to adjacent 
farmers since settlement, especially during strong south-westerlies which can raise the lake 
level on the leeward shore by more than 0.6 m (Taylor 1996).  
2.3 Water Balance Analysis 
Horrell (1992) has shown that the level of Lake Ellesmere is a complex balance between 
inflows (from streams, sea incursions, groundwater seepage, rainfall and seepage through 
Kaitorete Spit) and outflows (evaporation, artificial breaching of Kaitorete Spit, as well as 
seepage through Kaitorete Spit). Horrell gives the water balance of Lake Ellesmere as: 
( ) ( )t r g as rs s e aI I I I I O O O S+ + + + − + + = Δ     2-1 
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where: 
inflow of surface water from lake tributaries
rainfallover the lakesurface
groundwater inflow through the lake bed and walls
sea incursions resulting from artificialopenings
sea incursions during rough weather
t
r
g
as
rs
I
I
I
I
I
O
=
=
=
=
=
evaporation from the lakesurface
outflow from artificial breaching of KaitoreteSpit
outflow byseepage through KaitoreteSpit,and
changein lakestorage
e
a
s
O
O
S
=
=
=
Δ =
 
While seepage through Kaitorete Spit occurs in both directions, according to the relative 
differences in lake and sea level, the net flux is as outflow ( sO ). Because of the marked 
seasonality evident in a number of parameters in Equation 2-1, Horrell (1992) analysed the 
lake water balance on a monthly basis (Table 2-1). 
Table 2-1Estimates of mean monthly water balance terms for Lake Ellesmere (Horrell 1992) 
             
  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
It 6.86 6.41 8.98 9.28 11.67 11.61 15.57 21.35 16.32 18.41 11.32 9.43
Ir 3.37 3.31 3.55 3.81 3.64 3.85 4.58 4.18 2.50 3.07 3.87 3.29
Ig 0.01 0.02 0.06 0.08 0.11 0.12 0.12 0.12 0.11 0.09 0.07 0.06
Ias 0.80 0.35 0.81 1.56 2.14 3.37 4.25 4.33 3.52 2.35 2.91 1.84
Irs 0.78 0.76 0.96 1.44 1.81 2.09 1.64 1.69 1.14 1.04 0.98 0.76
Os 0.69 0.69 0.87 1.09 1.32 1.57 1.59 1.01 0.96 0.86 0.75 0.70
Oe 12.94 10.65 7.11 4.02 2.04 1.53 1.66 2.04 4.20 7.19 8.94 10.61
Oa 1.51 1.58 3.75 5.58 14.25 13.54 30.88 26.58 18.29 18.52 7.99 12.24
Lh 0.705 0.705 0.754 0.815 0.878 0.945 0.951 0.792 0.78 0.753 0.722 0.708
             
Note: Storage term ( ) given as lake height, Lh (m asl). See Equation (2-1) for the 
description of other notation. All values in m3/s. 
SΔ
As shown in Table 2-1, the winter period shows the largest inflow of surface water from lake 
tributaries into Lake Ellesmere as well as the largest amount of rainfall over the lake, with 
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the month of August yielding the highest. The period from January to April contributed 
the least amount of inflow into Lake Ellesmere. Inflow of surface water from lake 
tributaries, for example the L2 River, contributes most water to the lake compared to 
groundwater inflow through the lake bed and walls.  
2.4 The Role and Description of the L2 River 
The L1 rises on the northern side of the Lincoln township, whilst the L2 rises from a 
significant spring east of the Lincoln township. Ultimately, the L1 tributary drains into the 
L2, which makes its way to Te Waihora/Lake Ellesmere. The L1 ‘Liffey Stream’ converges 
with the L2 River approximately 1 km south of the Lincoln township. Since they are both 
from springs in or around the Lincoln township area, surface flow is therefore a mixture of 
groundwater–sourced flow, and surface flow. Discharges from the Lincoln urban area would 
therefore expect to be contributing significantly to the flows of the L1 and L2 during and 
immediately after a storm event. 
The L2 therefore, provides drainage for the L2 subdivision and the Lincoln urban area, as 
well as providing amenity, recreational and cultural value. Based on the results of an angling 
survey (NIWA 2003), the L2 is the second most popular fishing river in the 
Ellesmere/Selwyn catchment (with the Selwyn River being the most popular). The L2 is 
considered to be a good habitat for trout (as indicated in Fish and Game evidence). 
 Cattle and sheep access the river for water because many of the paddocks adjoining the 
waterway do not have a reticulated supply and are not fenced. The L2 is the largest single 
source of fresh water flowing into Te Waihora/Lake Ellesmere (Maw 2004). 
It is a significant contributor to Lake Ellesmere, with the average flow being 2 cubic meters 
per second. The nature of the L2 River is such that there are no structures or crossings over 
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or in the river except for the four main road bridges crossing the river. Two of these are 
within the Lincoln township. There are many drains entering the L2 River as shown in 
Figure 2-3.  
 
    L2 River 
    L2 drains 
Figure 2-3 Drains draining into the L2 River (supplied by SDC) 
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The river system is highly modified, which in turn affects the ecology. The effects of this 
modification have been exacerbated by the frequent channel cleaning using hydraulic 
diggers. The frequent cleaning has resulted in a deepened channel with steep sides and in the 
physical removal of stream life.  
In a natural stream there is a sequence of pools and riffles, and the channel follows in a 
sinuous path, rather than being straight as observed in the L2 River. A sinuous path provides 
overhanging banks, varying water depths, varying water velocity and a wide range of habitat 
for all the potential species to find a niche in. In some reaches of the L2 River willows 
dominate, while Carex secta and Juncus spp form riparian communities in some areas that 
are not adversely affected by grazing and cultivation. 
2.5 The Effects of Sea Level Rise 
Our climate is changing and in ways which affect all of us, with warmer temperatures, rising 
sea levels, more floods and droughts, and stronger winds (Ministry for the Environment 
2006b). Many scientists believe that because of emissions already in the atmosphere, sea 
level rise is inevitable, irrespective of future greenhouse gas emissions. Oceans will continue 
to heat up causing the melting of ice, thus resulting in the rise of sea levels, even if the 
atmosphere itself is no longer becoming any warmer. Because of this, we cannot predict how 
much the climate will change in the future. We are sure that sea levels will rise but the 
quantity of this rise is unknown. 
 A rise in sea levels and greater frequency of severe storms may cause greater coastal 
erosion, inundation and saltwater intrusion into freshwater aquifers. Mean sea levels around 
New Zealand have already shown a 10 cm to 20 cm rise over the past 100 years  and it is 
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expected to rise by 9 to 88 cm3 by the end of the century (Ministry for the Environment). 
The Mean High Water Spring (MHWS) level (currently 0.92 m asl), around Lake Ellesmere 
will directly increase as a result of this rise in sea level. Because of this anticipated rise in the 
MHWS, the hydraulic gradient which produces an outflow of Lake Ellesmere to the sea at 
Kaitorete Spit (where the lake is opened to the sea) during high tides will be reduced.  
There are many proposals for the raising of the current opening targets for ecological 
reasons. A higher mean lake level would have more advantages than disadvantages for the 
lake ecosystem. The lake level affects the composition, abundance and distribution of flora 
and fauna of Lake Ellesmere. A higher opening lake level would increase nutrient 
concentrations in the lake, because the frequency of lake openings would decline and 
thereby reduce the degree of flushing of the lake. 
2.6 Flow Regime 
The L2 River is classified as a perennial river and has one distinct flow regime. It has an 
average flow of 2 m3/s. The major inflows are from the drainage ditches along the river as 
well as from the springs present in or around the Lincoln township area. Lowflow 
assessment was undertaken by Environment Canterbury (ECan) in 2000 and 2004 for the L2 
(Refer to Appendix B). Minimum flow recommendations were made in the order of 400 l/s 
for the site at Moirs Lane, and 1450 l/s at Wolfes Road, following the survey in 2000. The 
minimum flow at both sites was lowered in 2004 to 200 l/s and 1000 at each site respectively 
(the latter at Pannetts Road, just upstream of Wolfes Road). 
 
3 Extreme values from Ministry for the Environment report 
  
17
2.7 Hydrological System 
Chow, Maidment, and Mays (1988) defined a hydrologic system as a structure or volume in 
space, surrounded by a boundary that accepts water and other inputs, operates on them 
internally, and produces them as outputs. The structure or volume is the totality of the flow 
paths through which water may pass as throughput from the point it enters the system to the 
point it leaves. For the L2, the main hydrological inputs for the catchment are rainfall, 
distributed in time and space over the catchment, runoff into the drainage network, then into 
the main L2 River and output into Lake Ellesmere. 
Rainstorms can vary significantly in space and time. Rainfall hyetographs are plots of 
rainfall depth or intensity as a function of time. The spatial and temporal variations of 
rainfall and the concurrent variation of the abstraction process define the runoff 
characteristics from a given storm (Mays 2005). The difference between the total rainfall and 
the rainfall excess is the abstractions or losses, therefore losses are primarily water absorbed 
by infiltration with some allowance for interception and surface storage. After the local 
abstractions for an area of the catchment, water begins to flow overland as an “overland 
flow” and eventually into a drainage channel. At this point the hydraulics of the drainage 
network has a large influence on the runoff flow characteristics.  
2.8 Surface Runoff 
Overland flow occurs when the rainfall rate exceeds the abstraction and sufficient water 
ponds on the surface to overcome surface tension effects and fill small depressions (Mays 
2005). Overland flow is surface runoff that occurs in the form of sheet flow on the land 
surface without concentrating in clearly defined channels (Ponce 1989).  
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2.9 Hydrological Model (SCS Method) 
The US Department of Agriculture Soil Conservation Service (SCS) (1972) developed a 
rainfall-runoff relation for catchments and is the most used and proven method used in 
calculating runoff from a catchment. For any given storm, the depth of excess precipitation 
(Pe) or direct runoff, is always less than or equal to the depth of precipitation P. Hence after 
runoff begins, the additional depth of water retained in the catchment Fa, is less than or equal 
to some potential maximum retention S (Mays 2005) (Figure 2-4). For initial abstraction (Ia) 
before ponding, there is some amount of rainfall for which no runoff will occur. The SCS 
method assumes that the ratio of actual losses (Fa) to potential losses (S) is equal to the ratio 
of direct runoff (Pe) to potential runoff (P - Ia). 
 
P = P  + I   + F
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Figure 2-4 Variables in the SCS Method of rainfall abstraction: Ia = initial abstraction, Pe = rainfall 
excess, Fa = continuing abstraction, and P = total rainfall (Mays 2005) 
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The SCS method uses the runoff curve number CN, which is a function of cover type (land 
use), hydrologic condition, hydrologic soil group (A: deep sand, deep loess, aggregated silts, 
B: shallow loess, sandy loam, C: clay loams, shallow sandy loam, soils low in organic 
content, and soils usually high in clay, and D: soils that swell significantly when wet, heavy 
plastic clays, and certain saline soils) and antecedent soil moisture to determine S. The curve 
number is a dimensionless number defined such that 0 ≤ CN ≤ 100. For impervious and 
water surfaces (all runoff) CN = 100 and for no runoff CN = 0. 
 
2.10 Hydraulic Routing 
The process of using a known upstream hydrograph(s) to determine the time and magnitude 
of flow at a specified downstream location is known generally as flow routing (Mays 2005). 
Routing by lumped system methods is called hydrologic or lumped routing; outflow as a 
function of time at a single location. Whereas routing by the distributing systems method is 
called hydraulic or distributed routing; flow rate and water surface elevation (depth) are 
calculated as a function of time and space throughout the modelled system which is also 
known as unsteady flow routing (Mays 2005); (Chow et al. 1988). 
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Hydraulic routing is based upon the one-dimensional unsteady flow equations referred to 
as the Saint-Venant equations, which are partial differential equations for continuity and 
momentum: 
( ) 0Uy y
x t
∂ ∂+ =∂ ∂                      2-3 
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In equations (2-3) and (2-4), U is the one-dimensional flux velocity, is the bed slope, 0S
fS is the friction slope, x is the distance downstream and y is the depth perpendicular to the 
bed. The equations are derived assuming that the velocity profiles in the flow are one-
dimensional and that the pressure distributions are hydrostatic along the lines normal to the 
channel bottom (Hunt 1995). 
Equation (2-4), also known as the dynamic wave equation, is used when the inertia of the 
water body over time and space is important as is the case in river systems where the water 
surface slope, the bed slope and the bed resistance forces are small. The hydraulic features of 
the river reach represented by the computational point are generally lumped into the 
resistance term of the momentum equation (Equation 2-4). This resistance term is of utmost 
importance because it is based on an empirical law and as such is the only truly “adjustable” 
term during calibration (Cunge et al. 1980). 
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2.11 Aquatic Vegetation and Resistance to flow 
The vegetation along the bed and banks of rivers plays an important role in the 
hydrodynamic behaviour, on the ecological equilibrium and on the characteristics of the 
river (Righetti and Armanini 2002). The vegetation can be classified into two different 
categories as far as flow resistance is concerned: plants having a height lower than the flow 
depth, and plants, the height of which is the same as the flow depth or higher. 
The resistance due to vegetation can be described as a wall shear stress and the related 
roughness coefficient can be expressed as a function of vegetation height and of some 
biomechanical vegetation characteristics  (Kouwen et al. 1969); (Kouwen 1988). For plants 
whose height is equal to the magnitude of the flow depth or higher, for example bushes or 
trees, the equivalent resistance can be evaluated as the combined effect of the hydrodynamic 
drag of the single plants (Petryk and Bosmanjian 1975). 
The laws of flow resistance in open channels are essentially the same as those in closed 
pipes (Henderson 1966). In closed pipes, the flow is driven by a pressure gradient along the 
pipe, whereas in open channel flows, fluid is propelled by the weight of the flowing water 
resolved down a slope (Chanson 1999). Studies have suggested that the spatial location of 
plants within a channel affects the flow resistance, resulting in the claim that macrophytes4 
contribute to local flooding.  
Aquatic and riparian vegetation influence stream and river ecosystems – the amount of and 
composition on vegetation within a river or stream and their associated riparian corridors can 
substantially affect water velocities (both flood flow and baseflow), habitats, nutrient, 
 
4 Macrophytes may exhibit a submerged or non-submerged canopy (Stephan and Gutknecht, 2002). They have roots and 
differentiated tissues and may be emergent (cattails, bulrushes, reeds, wild rice), submergent (water milfoil, bladderwort) or 
floating plants (duckweed, lily pads). 
  
22
dynamics, water clarity and quantity, and ultimately the abundance and diversity of other 
aquatic life (Reeves, et al., 2004).  
Several algebraic expressions have been developed with the aim of plotting the velocity 
profile above aquatic vegetation. The velocity distribution within the vegetation mainly 
depends on the types of vegetation (natural vegetation, artificial roughness elements) and on 
the density and arrangement of the plants (Stephan and Gutknecht 2002).  
The first successful empirical formulae to calculate resistance were derived in the 18th 
century (Chezy formula) and the 19th century (Gauckler-Manning formula) (Chanson 1999). 
Other methods include the Strickler coefficient, Manning’s roughness coefficient and the 
Darcy friction factor (more used in pipe flows). Manning’s n is the most commonly used of 
the abovementioned roughness coefficients, and will be utilised in this research. 
Manning’s n can vary considerably with discharge at a particular site. Values of roughness 
coefficient can be estimated by a “visual comparison” approach, employed in their own right 
in hydraulic calculations, or as base values. Estimates of the roughness coefficient can also 
be obtained by using empirically derived predictive equations (Hicks and Mason 1991). 
The value of Manning’s n for a section of a stream is calculated using Equation 2-5. 
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where, K is a factor to keep the equation dimensionally correct ( ), R is the 
hydraulic radius (m), is the slope of the energy grade line (dimensionless),  is the 
difference in water surface elevation (m), V is the mean channel velocity (m/s),  is the 
length of river channel reach (m), L is the distance between the first and last cross-sections 
(m),  is the upstream velocity head minus downstream velocity head (m) and hv is the 
velocity head (m).  
1/3 11m s−
eS h?
l
vh?
Sediment can be deposited in areas where the flow has been decreased through excessive 
macrophyte growth. When sediment is deposited in these areas it provides a ready nutrient 
source and rooting medium for the macrophytes, this in turn causes further growth of the 
macrophytes and further reduces the hydraulic efficiency and increases sediment deposition 
(Taylor 2005). Morris and Dunderale (1996) found that discharge increased from 0 per cent 
to 38 per cent with 40-80 per cent weed removal (Morris and Dunderdale 1996). 
Experiments in Birdlings Brook, Canterbury, showed water level reductions of 0.5-1 m after 
partial and full clearance of weeds in the stream which can have a bankfull depth of 1.5 m 
(Hudson 2005).  
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3 Fieldwork 
Extensive fieldwork was necessary to measure the L2 River bed slope, cross-sectional 
geometries, channel roughness coefficient (Manning’s n), flow velocities and water levels to 
enable calibration and modelling with the computational (hydrologic and hydraulic) 
modelling.  
3.1 Capacitance Water Level Probe Loggers 
A capacitance water level probe logger is a device that records the water level at set time 
intervals when installed in rivers or streams. These devices provide temporal water level data 
necessary for the calibration of the computational models, for understanding the flow 
dynamics and to calculate the flow rate when velocity measurements were also taken. Four 
Odyssey capacitance water level loggers manufactured by Dataflow Systems Pty Limited 
were installed at selected locations along the L2 River to obtain water level data. The water 
level sensors are available in varying lengths and have an estimated precision of ±0.005 m. 
The capacitor consists of two conducting plates or cylinders separated by Teflon, (a 
dielectric insulating material which has good long term stability). The value of the 
capacitance (when the distance between the plates is fixed) is directly proportional to the 
area of the two plates in the capacitor. The stability of the dielectric material governs the 
stability or quality of the capacitor. Teflon has zero moisture absorption; its characteristics 
are therefore not altered by water immersion (Dataflow Systems Pty Ltd.). The Teflon-
covered measuring element forms one plate of the capacitor while the second plate is the 
water in which the probe is immersed. As the water level varies, the area of water that is in 
contact with the Teflon surface also varies. The water is like a cylinder that is moving up and 
down the cylindrical Teflon-lined element. Hence the variation in capacitance is directly 
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proportional to the height variation of the water in contact with the Teflon. The brass 
counterweight at the base of the sensor element is also used to make electrical contact with 
the water (Figure 3-1). 
 
Figure 3-1 Odyssey capacitance water level logger 
 
The capacitance value is measured by the electronic module that is mounted at the top of the 
probe and recorded by the recorder that is also included in the electronic module. This 
module converts the value of the capacitance into a digital signal so that it is measured by 
the data recorder. Each time the recorder reads the sensor, a value is stored in the log.  
3.1.1 Site Selection 
Four sites were selected along the L2 River for the installation of the capacitance water level 
probe loggers (Figure 3-2). These monitoring sites were selected because they provide ideal 
locations for hydraulic monitoring, stable hydraulic cross sections, easy accessibility  and 
were evenly distributed along the length of the river (Figures 3-2 and 3-3), so that reliable 
data would be obtained to aid in the calibration of the computational models.  
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Site 1 – Loch Ness                                                           Site 2 – Englishs Road Bridge 
 
Site 3 – Pannetts Road Bridge                                       Site 4 – L2 River outlet 
Figure 3-2 Photographs of the capacitance water logger monitoring sites 
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Figure 3-3 Site locations (1 through 4) (Land Information New Zealand 1:50000 Topographic Map 
sheets) 
 
The length of the devices installed at the four locations varied from 0.5 m (upstream) to 1.5 
m (downstream) as shown below. These lengths were selected initially based on the 
estimated or perceived potential variation of water level at each monitoring site. 
Table 3-1 Showing the various length of probe used and location 
 
Monitoring sites Length (meter) 
Site 1 0.5 
Site 2 1.0 
Site 3 1.0 
Site 4 1.5 
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3.1.2 Calibration 
Calibration of the capacitance water level probes was necessary to ensure the accuracy of 
measurements. Since the sensor has a linear response, it was calibrated using the two point 
calibration method, that is, two points were marked - one 200 mm from the bottom of the 
counterweight and the other equal to the length of the probe (for example, at 0.5 m for a 0.5 
m length probe) (Figure 3-4).  
 
 
Figure 3-4 Calibration of logger (Dataflow Systems Pty Ltd.) 
 
The following procedure was used to ensure maximum sensor measuring accuracy as 
recommended in the capacitance water level probe logger manual. The trace mode on a PC 
was used; the recorder was set to a 10 second log interval. The same heights on the probe for 
the two calibration values were used to obtain comparative data. 
1) After the probe was cleaned (which removes any deposits that have been formed on the 
element), it was immersed in a water-filled bucket to the bottom mark on the probe and 
when the reading was stable, the value that was displayed on the computer screen was noted. 
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2) The probe was then lowered to the second point and when the reading was stable, the 
value that was displayed on the computer screen was noted. The probe was then removed 
from the bucket. 
3) The trace mode was then aborted and the ‘Enter Calibration’ mode was then entered and 
the values obtained in steps 1 and 2 were then entered (Figure 3-5). 
4) Steps 1 and 2 were then repeated and the values that were obtained were compared with 
the previous calibration. If there was a large discrepancy then the calibration was repeated. 
The value for the offset should be within 10 to 20 counts of the previous value. 
 
Figure 3-5 Screenshot of Sensor Calibration 
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The formula used in the computer programme to generate calibrated data is:- 
Where:-
RES = Resultant calibrated water level value
SL = Slope of sensor
OFF = Offset value for sensor
RL = Relative value from bore collar to sensor position
DATA = The un-calibrated val
DATA OFFRES RL
SL
−= +
ue read by the probe
Using the sensor values as shown in Figure 3-4,
The resulting calibration data are:-
1437-748Slope = 2.29667
500-200
Offset = 748 - (200*2.29667)= 288.667
=
 
It was estimated that the capacitance water level loggers has a precision of ±0.005 m. 
3.1.3 Housing 
The probe was mounted inside a vertical stilling well, which was made from Polyvinyl 
chloride (PVC) pipe. Holes of 6 mm diameter were drilled every 20 cm over the entire 
length of the shroud (Figure 3-6), therefore allowing water to freely enter the shroud. It also 
ensured that the water level measurements were linear over the entire length of the sensor 
element. The stilling well that the probe was mounted in prevented the Teflon element from 
touching the side of the pipe that it is mounted in and preventing water from being retained 
between the Teflon element and the pipe, thus preventing a measurement error at that point 
in the measurement range of the probe. 
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Figure 3-6 PVC shroud used to house the water level sensor 
 
  
32
3.1.4 Installation 
The stilling well was anchored within the channel so as to withstand the strong force of the 
streamflow. Waratahs were used as the anchoring mechanism and cable ties were used to tie 
the shroud to the waratah (Figure 3-7). 
 
Figure 3-7 Waratah used for anchoring sensor in stream at site 1 
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3.2 Surveying 
In hydraulic computational modelling, a channel reach is defined by cross sections and 
invert levels. Twelve cross-sections were used to represent the L2 River for modelling 
purposes. Although more cross-sections may improve accuracy, it was not technically 
feasible to have more. 
3.2.1 Site Selection 
GPS units were used to map the main channel and to identify key locations for conducting 
cross-section surveys. A total of 12 cross-sections between monitoring sites 1 and 4 were 
selected (Figure 3-8, see Appendix C for photographs of each cross section site). 
 
Figure 3-8 Selected cross-sections along the L2 River (Land Information New Zealand 1:50000 
Topographic Map sheets) 
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These cross-sections were selected based on stable hydraulic cross-sections, representative 
of a stretch of the river and where there was a noticeable change in the channel geometry. 
The cross sections were evenly spaced along the length of the river, so that reliable data 
would be obtained to aid in the calibration of the hydraulic model. A detailed survey of each 
cross section was conducted. 
3.2.2 Surveying Methodology 
The surveying procedure utilized in this research was unconventional, since direct land 
access to the L2 River is restricted to a few locations along the channel. The best, and 
possibly the only way to access the channel along most of its length and to conduct the 
required surveying was by using kayaks. Initially, a datum point for each cross section was 
put in place and marked by spray paint. It was necessary to install datum points that had an 
unimpeded view across the channel. This was done by driving two waratahs, one on either 
bank of the river, into the soil. A graduated rope (0.5 m intervals) was tied on to the datum 
and stretched across the channel, ensuring the rope was parallel with the water surface 
(Figure 3-9).  
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Figure 3-9 Cross-section showing surveying setup 
 
A kayak was used to manoeuvre across the channel, to measure its depth, which was further 
referenced to the datum by means of the rope (Figure 3-10). The cross-sections were 
numbered, with number 1 starting at the upstream end.  
 
Figure 3-10 Surveying cross sections along the L2 River using a kayak 
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The position and altitude of each datum point was recorded with a Trimble mapping grade 
surveying device with a base station, TNL 4700/5800 (or R8) RTK systems (Figure 3-11) 
with an estimated accuracy of ±0.07 m. Four base station check points were established 
during the process (Figure 3-12) to enable a consistent measurement of elevations along the 
whole reach of the L2 River. It was assumed that cross-section 12 (logger # 4 at the river 
outlet) water levels were the same as the lake level data supplied by Environment 
Canterbury for a given time to derive the asl value. 
 
Figure 3-11 TNL 4700/5800 (or R8) RTK system used to record elevation 
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Figure 3-12 Map showing location of where base stations were established 
 
It was difficult in some cases to determine a line perpendicular to the direction of flow when 
surveying cross-sections, especially near bends in the channel. After establishing the transect 
and datum each cross-section distance and elevation measurement (depth) were taken at 
approximately 0.5 m intervals and recorded on a data sheet.  
To allow the cross sections to be entered into the computational model it was necessary to 
manipulate the survey data so that the coordinate origin was on the true left bank for all 
cross-sections. Correlation of surveyed invert levels and datum points were done in 
Microsoft Excel. 
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3.3 Streamflow Gauging 
Streamflow gauging was done to develop a rating curve, which is the relationship between 
water surface elevation and discharge. A rating curve was developed for each section of the 
L2 stream using measurements of discharge and gauge height from the river. The discharge 
was used in both hydrologic and hydraulic models. The discharge was calculated using 
Q=AV where V is the mean velocity normal to the cross-sectional area of flow and A, which 
is a function of the gauge height. So in order to estimate discharge, both the velocity and the 
gauge height must be determined. Continuous gauge heights were obtained from the 
capacitance water level probe loggers and water velocity was measured at key times during 
the study. 
3.3.1 Streamflow Velocity Methodology 
To measure the velocity in the L2 River, an FP101 Global Flow Probe (Figure 3-13) was 
used, with an estimated accuracy of ±0.03 m/s. The speed at which the impellor rotates is 
proportional to the flow velocity.  
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Figure 3-13 FP101 Global Flow Probe 
 
A graduated rope (0.5 m graduation) was stretched across the river for reference; hence the 
river was divided into 0.5 m wide subsections. A vertical velocity profile at the center of 
each subsection was obtained through the following methodology: the “average” function on 
the flow probe was “set” (zero) and then placed within the subsection, moved vertically from 
the surface to the bottom, up and down, slowly (Figure 3-14) and smoothly for 20-40 
seconds in order to obtain a good average of the subsection velocity. The average velocity 
(obtained with the flow probe) times the area of the subsection equals the flow for the 
subsection (Q=VxA).Once the flow of each subsection was obtained, all of the subsection 
flows were added to obtain the total streamflow. 
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Figure 3-14 Velocity Measurement 
 
3.4 Roughness Coefficient (Manning’s n) 
The roughness coefficient (Manning’s n) parameters required for Equation 2-5 (page 23) 
were obtained using the following procedure. Two transects 70 meters apart were 
established. The depth of each transect at approximately 0.5 m intervals and the water level 
were taken using an automatic surveying level and recorded on a data sheet. Streamflow 
gauging was also carried out at each transect. These data was manipulated using Microsoft 
Excel to calculate the roughness coefficient. 
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4 Analysis of Data 
4.1 Lake Data 
Statistics for lake openings in the period 1945 to 2005 inclusive are summarised in Tables 4-
1 and 4-2. Note that an opening has been recorded only when the lake has remained opened 
to the sea for at least 4 days. Some ‘individual’ openings may represent many attempts. 
Table 4-1 Frequency and duration of lake openings at various opening levels 1945 – 2005 
 
Opening level 
(asl) (m) 
No. of openings Average days 
open 
Average 
opening level 
(asl) (m) 
 
 
 
Average closing 
level (asl) (m) 
Below 1.05 18 21 0.97  0.61 
1.05 – 1.2 118 20 1.12  0.66 
1.21 – 1.5 58 23 1.3  0.67 
above 1.5  11 33 1.63  0.63 
 
Table 4-2 Summary of opening statistics 1945 – 2005 
 
  Year 
Max. opening level 1.89 m 1945 
Min. opening level 0.85 m 1948 
Max. closing level 1.48 1975 
Min. closing level 0.15 m 1951 
Max. openings/year 7 1975 
Min. openings/year 1 ’55, ’71, ’73, ’88, ’04 
Av. openings/year 3.3 - 
 
The average opening level for the summer period, since 1945, was found to be 1.14 m asl; 
8.6 per cent greater than the current target level, while for the winter period the average 
opening level was found to be 1.24 m asl, 9.7 per cent greater than the current target opening 
level. The average opening level since 2000 was found to be 13.33 per cent and 10.62 per 
cent greater than the opening level specified by the North Canterbury Catchment Board in 
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1947 for the summer and winter season respectively. These higher opening levels 
observed, may be due to conditions that are not favourable for lake openings at the time, for 
example, high seas, wind from a southerly quarter and wave actions. 
4.2 Hydraulic Gradient 
Hydraulic gradient can be defined as the difference in head or elevation divided by the 
distance between two points, therefore without a gradient there would be no flow. The same 
principle applies to the Kaitorete Spit (Barrier): if there is no hydraulic gradient (Figure 4-1) 
to scour an adequate outlet, there would be no outflow to the sea.  
 
Figure 4-1Kaitorete Barrier cross section showing relationship between lake levels and sea levels at 
lake opening cut to sea (Taylor 1996) 
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During the summer opening, the lake level is only 130 mm above the Mean High Water 
Spring (MHWS), while during winter this is increased to 210 mm (21 cm). With sea level 
rise expected to range between 9 cm to 88 cm by the end of this century (Ministry for the 
Environment), the hydraulic gradient will be reduced. Therefore when sea level reaches 1.05 
m (asl) there will be no outflow to the sea at MHWS (no gradient). Hence in order to 
maintain the current gradient in any rise of sea level, it will be required that the lake level 
opening height be equally increased. Table 4-3 below shows the projected lake opening level 
(for both winter and summer) based on a 5 cm incremental increase in sea level rise. 
Table 4-3 Projected Lake opening levels 
 
 Required opening level 
Sea Level Rise (m) Sea Level (m) (asl) Winter (m) (asl) Summer m (asl) 
0.0 0.92 1.13 1.05
0.05 0.97 1.18 1.1
0.10 1.02 1.23 1.15
0.15 1.07 1.28 1.2
0.20 1.12 1.33 1.25
0.25 1.17 1.38 1.3
0.30 1.22 1.43 1.35
0.35 1.27 1.48 1.4
0.40 1.32 1.53 1.45
0.45 1.37 1.58 1.5
0.50 1.42 1.63 1.55
0.55 1.47 1.68 1.6
0.60 1.52 1.73 1.65
0.65 1.57 1.78 1.7
0.70 1.62 1.83 1.75
0.75 1.67 1.88 1.8
0.80 1.72 1.93 1.85
0.85 1.77 1.98 1.9
 
With favourable conditions, that is, wind from an easterly direction, neap tides (produces a 
greater outflow gradient than the spring tides), calm seas and a high lake level, an opening is 
easily made using bulldozers and excavators. The higher the lake level the easier it is to 
make a successful opening. With conditions not favourable any previous opening can be 
blocked in a few hours and the cut completely filled. Since it has been established that sea 
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rise is happening, the current opening levels will have to be increased (there will be no 
choice) to maintain this outflow gradient at MHWS. 
4.3 L2 River Monitoring Data 
Due to the fact that there were no continuous flow data available for the L2 River 
(Environment Canterbury only conducted flow measurement monthly at a selected location), 
it was determined that continuous data at multiple locations would have to be obtained. As a 
consequence of this, four capacitance water level loggers were installed at strategic locations 
(as mentioned in section 3.1.1). Data were recorded every 10 minutes and analysed for the 
period 25 July to 31 December 2006.  
4.3.1 Water Level Loggers  
Data from the loggers were calibrated and plotted on a monthly basis, also in conjunction 
with the streamflow data; rating curves were created for sites 1, 2, 3 and 4 to calculate flow 
rate which was later used in the modelling process. After logging for the initial period from 
25 July 2006 to 18 August 2006, it was found that the loggers at sites 1 and 3 were set too 
low in the river; the peaks of rainstorm events were not logged (loss of data), hence the 
flattened effect of the peaks, as shown in Figure 4-2. Table 4-4 shows the maximum and 
minimum water level each sensor can record within the L2 channel. 
  
45
Water Level Profiles 25th July to 18th August, 2006
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Figure 4-2 Recorded water levels at sites 1, 2, 3 and 4 for the period of 25th July to 18th August, 2006 
 
Table 4-4 Water level limits for each sensor 
      
 Sensor Sensor  Min. water  Max. water  
 location length (m) level (asl) (m) level (asl) (m)  
 Site 1 0.500 2.970 3.370  
 Site 2 1.000 1.821 2.721  
 Site 3 1.000 1.149 2.049  
 Site 4 1.500 0.410 1.810  
      
 
A decision was made to raise the loggers at sites 1 and 3 by 65 mm and 139 mm 
respectively, which was done on 18 August, 2006. (However, site 1 was not able to capture 
peak flows for extreme events, thus the logger was deemed too short in length.) 
Extreme events are clearly identified in Figures 4-3 and 4 for sites 1, 2, and 3. However site 
4 logger (closest to Lake Ellesmere) showed minor variation in water level from July to 
  
46
August (Figure 4-3), with major variations within the period September to December 
(Figure 4-4), even when extreme events were not recorded in sites 1, 2 and 3. 
August: Water Level Profile
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Figure 4-3 Minor variation in water level at site 4 
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October: Water Level Profile 
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Figure 4-4 Major variation in Site 4 water level 
 
This rapid variation in lake levels was due mainly to strong winds acting on the large surface 
area of the lake. As Lake Ellesmere is a shallow lake, wave length and wave height are 
reduced, in contrast to deeper water of equivalent fetch.  Because of the shallowness of Lake 
Ellesmere, it results in a tilting of the water surface known as set-up (Taylor 1996). Figure 4-
5 and Figure 4-6 show waves moving upstream in the L2 River at site 4, caused by a south-
easterly wind.  
An increase in water level at the mouth of the L2 River by 47.58 per cent on the 21 October 
2006, only resulted in an increase in water level at site 3 by 5.73 per cent. Thus site 3 is only 
being affected to a very small extent by the wind.  
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Figure 4-5 Correlation of the wind direction and water level for the period of 21 to 24 October 2006 
(wind data provided by Environment Canterbury from their hydrotel site within Lake Ellesmere). 
 
 
Figure 4-6 Wave moving upstream, due to wind (2006-12-7, 17:40 hrs) 
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As seen in the example provided in Figure 4-5, a wind from the north-westerly sector 
causes significant reduction of water at the mouth of the L2 River (site 4). A south-east wind 
causes an accumulation of water at the mouth of the river. As mentioned by Taylor (1996) a 
south-westerly wind can raise the lake level on the northern side of the lake by more than 0.6 
m. However, it is shown here that south-easterly and not the south-westerly wind has this 
effect on the L2 River. This is because the Selwyn River outlet peninsula (Figure 4-7), which 
is located within close proximity west of the L2 River, extends further into Lake Ellesmere 
than the L2 River, thus protecting the L2 River from south-westerly winds.  
 
Figure 4-7 Effect of south-easterly winds on the L2 River (Land Information New Zealand 1:50000 
Topographic Map sheets) 
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Wind induced “set-ups” result in occasionally significant inundation of the surrounding 
habitats/farmland, as shown in Figure 4-8. Stock has been drowned as a result of these wind-
induced changes in the lake level (Taylor 1996).  
 
Figure 4-8 Inundation of surrounding habitats 
 
One factor that had a minor effect on the accuracy of the capacitance water level logger 
within the channel is the floating weeds that would normally “get stuck” on the housing and 
support of the loggers (Figure 4-9). This was very prevalent at sites 2 and 3, but has only 
caused the measured water level to rise a few mm higher than the actual water level (Table 
4-5). The table shows that weeds have caused a 3 to 4 mm difference in the water height. 
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Figure 4-9 Weed stuck to the logger housing and support (2006-08-10), site 3 
 
 
 
Table 4-5 Comparison of water levels before and after the weeds have been removed 
Site 2    
  Date Time Water Level 
      m (asl) 
Before 18/08/2006 9:55:20 a.m. 2.244 
  18/08/2006 10:05:20 a.m. 2.243 
After 18/08/2006 10:05:48 a.m. 2.240 
  18/08/2006 10:15:48 a.m. 2.240 
Site 3    
  Date Time Water Level 
      m (asl) 
Before 10/08/2006 1:10:00 p.m. 1.761 
  10/08/2006 1:20:00 p.m. 1.761 
After 10/08/2006 1:27:14 p.m. 1.757 
  10/08/2006 1:37:14 p.m. 1.756 
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4.4 Surveying Results and Discussion 
The deepest level of the invert of each cross section was plotted against the chainage 
(longitudinal length of the river) to give a long section from site 1 to the outlet (Lake 
Ellesmere), shown below in Figure 4-9. There was a significant difference in slope between 
each section.  
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Figure 4-10 Deepest point of each cross section along the channel from site 1 to outlet (Lake 
Ellesmere), and the reaches along the river (between surveyed points) 
 
The mean bed slope (deepest points), based on the total fall and total chainage between cross 
section 1 and cross section 12, was 1 in 4500 or 0.0002. To give an indication of the degree 
of variability in the invert slope (deepest point) along the channel, the slope within each 
section was calculated as a function of chainage (Table 4-6). Generally the slope became 
flatter closer to the lake. Table 4-5 shows the water surface slope measured for both the 
winter and summer periods using data recorded from the water level loggers, at the four 
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monitoring sites. The lower reaches of the river for the summer period showed a greater 
water surface slope than for the winter period. This may be due to the lower lake level 
observed for the corresponding period.   
Table 4-6 Length and slope for each reach of the river surveyed 
       
  Deepest Point   Water Surface slope 
  Length Slope Elevation Elevation Winter  Summer  
     start end water level water level 
  m m/m m (asl) m (asl) slope m/m slopes m/m 
Reach 1 225.25 0.0019 1.845 1.409 0.0004 0.0004 
Reach 2 1326.07 0.0001 1.409 1.310 0.0004 0.0004 
Reach 3 155.43 0.0001 1.310 1.302 0.0004 0.0004 
Reach 4 452.33 0.0006 1.302 1.049 0.0004 0.0004 
Reach 5 154.72 -0.0003 1.049 1.099 0.0004 0.0004 
Reach 6 750.51 0.0009 1.099 0.459 0.0002 0.0003 
Reach 7 2097.8 0.0003 0.459 -0.098 0.0002 0.0003 
Reach 8 404.79 -0.0003 -0.098 0.017 0.0002 0.0003 
Reach 9 474.48 0.0005 0.017 -0.200 0.0001 0.0002 
Reach 10 1947.85 0.0001 -0.200 -0.322 0.0001 0.0002 
Reach 11 1012.83 -0.0001 -0.322 -0.250 0.0001 0.0002 
       
 
Figure 4-11 shows the water surface slope observed for both winter and summer periods. 
Because data from the loggers were used to calculate this slope, the slope for the reaches 
found between the sites was assumed to be the same, for example, for all the reaches located 
between sites 1 and 2, the water level slope was assumed to be constant. 
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Figure 4-11 Slopes and observed water surface level for both winter and summer periods 
 
The slopes of the channel bottom at bridges 2 and 3 (chainages 23+13.8 (reach 5) and 
55+66.9 m (reach 8) respectively) were found to be negative (Table 4-6) as well as the 
outlet. A negative slope occurs when bed elevation is higher at the lower end of a reach. Two 
possible causes of negative slope within the channel are construction waste (from the 
construction of the bridge) and sedimentation.  Whenever the river is de-silted, it is only 
done between the bridges and not under, hence the negative slope. The deepest section of the 
river was found to be between chainage 30+64.31 and 51+62.11 m (Yarrs Lagoon) and as a 
result of this, ponding takes place. In periods of high flows, in the event that the section is 
overtopped Yarrs Lagoon (also known as the “big sponge”) acts as a reservoir.   
All cross-sections were plotted in Figure 4-12, with the reduced level of the invert slope on 
the vertical axis. This figure also illustrates the variability of the channel bed slope to some 
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extent, with the cross sections overlapping and crossing in a number of places, due to the 
bends within the L2 River and variability of the terrain. 
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Figure 4-12 Cross-section profiles 
 
The main factor that affected the accuracy of the surveyed cross sections for this project was 
the weeds found at the bottom of the channel. The weeds act as a “false” bottom and 
interacted with the weight of the staff coupled with the force exerted on the staff used for 
measuring the cross-sections. Another potential source of error is that the channel bottom is 
composed of soft clay (sediments); hence an incorrect depth of the channel may be recorded. 
To overcome this problem, the same person conducted all cross-sections and tried to exert 
the same pressure every time a measurement was taken. It is difficult to give an estimation of 
precision for surveying of the cross sections using a surveying staff; however it was 
estimated to be ±0.150 m. 
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4.5 Streamflow Gauging Results and Discussion 
The water level data obtained together with velocity measurements taken over a period of 
time were used to create rating curves for all four monitoring sites. The velocity 
measurements were conducted over a period of time to create the curve for each site. The 
mean velocity profiles of the four sites are shown in Figures 4-13, 14, 15 and 16.  
The shape of the velocity plot in Figure 4-15 is different from the others. Upon further 
investigation, it was discovered that a clump of weed was located approximately 10 m 
upstream in the middle of the channel. This diverted the channel flow around the weeds, 
effectively reducing the cross sectional area and increasing the water velocity at the sides of 
the channel, hence the shape of the velocity profile.  
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Figure 4-13 Measured velocity profiles, site 1 
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Figure 4-14 Measured velocity profiles, site 2 
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Figure 4-15 Measured velocity profiles, site 3 
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Site 4 Velocity Profiles
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Figure 4-16 Measured velocity profiles, site 4 
 
 
The variation in the velocity within the profile curves was due to weeds within the channel. 
As the weed grows (mid October to December) within the channel, it effectively reduces the 
cross-sectional area of the channel and hence causes the water to rise within the channel over 
the time (Table 4-7), especially at site 1 (Figure 4-17). The water level at site 1 continued to 
rise within the channel even though the water level at the outlet (site 4) was reducing; the 
lake was opened to the sea, hence the reduction in water level at site 4 for the same 
corresponding period.  
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Table 4-7 Reduction of velocity coupled with a rise in water level due to weed growth 
     
 Site 1    
 Date Mean Channel Velocity Level  
   m/s m (asl)  
 29/08/2006 0.21 3.125  
 11/10/2006 0.21 3.119  
 9/11/2006 0.18 3.216  
 24/11/2006 0.17 3.234  
 29/11/2006 0.15 3.247  
 12/12/2006 0.14 3.323  
     
 Site 2    
 Date Mean Channel Velocity Level  
   m/s m (asl)  
 29/08/2006 0.36 2.209  
 11/10/2006 0.30 2.275  
 16/11/2006 0.23 2.317  
 24/11/2006 0.24 2.367  
 12/12/2006 0.23 2.400  
     
 Site 3    
 Date Mean Channel Velocity Level  
   m/s m (asl)  
 29/08/2006 0.24 1.365  
 11/10/2006 0.22 1.440  
 16/11/2006 0.18 1.368  
 24/11/2006 0.18 1.392  
 29/11/2006 0.17 1.378  
     
 Site 4    
 Date Mean Channel Velocity Level  
   m/s m (asl)  
 29/08/2006 0.26 0.780  
 11/10/2006 0.17 1.028  
 9/11/2006 0.18 1.115  
 20/11/2006 0.22 0.761  
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November: Water Level Profile
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Figure 4-17 Water Level Profile for the month of November 
 
As a result of the rapid growth of the vegetation within the channel, the shape as well as the 
accuracy of the rating curves was affected. Since the water level is high within the channel 
and the velocity is low, this resulted in the discharge being less than anticipated (Figure 4-
17). To overcome this issue, two rating curves were created for each site (July to October 
and October to December) using the data measured for each period. These curves were also 
created based on the knowledge and understanding of the flow observed within the channel, 
from time spent in the field and they are the best curves possible. 
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Figure 4-18 Relationship of discharge vs water level at different periods for site 1 
 
Table 4-8 Rating curves equation 
     
 Location Jul - Mid Oct Mid Oct - Dec  
 Site 1 0.8753x-1.2331 2.6104x-6.6409  
 Site 2 1.4507x-1.2167 6.9721x-14.655  
 Site 3 1.8447x-0.1667 3.2837x-2.6423  
 Site 4 2.1057x+1.1158 1.0527x+2.311  
     
 
One potential error in measuring the velocity that had to be overcome was the wind. When 
the probe is taken out of the water and the wind is strong (depending on the direction) the 
propeller continues to spin, thus requiring caution when removing the probe from the water 
to read the average velocity for the subsection. Another potential error was the weed that 
was present within the subsection. Whenever the propeller was placed into the channel and 
there was weed at the channel bottom (sometimes you cannot see the river bed), the 
propeller stops spinning, therefore slightly affecting the average velocity reading for that 
subsection.  
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4.6 Rainfall Data  
Most floods throughout the Lake Ellesmere catchment result from heavy rainfall during 
south-westerly conditions (Taylor 1996). The effect of rainfall within the L2 catchment is 
very prevalent during the winter season. A major rainstorm will cause water levels to rise 
significantly within the L2 River (Figure 4-19). Figure 4-19 shows the daily rainfall data for 
the Broadfield EWS station in Lincoln (H32645) with coordinates -43.62622, 172.4704 
(latitude (dec.deg), longitude (dec.deg)) and water level recorded by the water level loggers 
for the month of August 2006. The amount of water level increase within the channel will 
vary depending on the intensity of the rainstorm as well as the duration of the storm.  
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Figure 4-19 The effect of Rainfall for the month of August 
 
As a result of the high water level within the channel, overtopping of the banks can occur 
along the length of the river, resulting in ponding/flooding. Rainfall data together with the 
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water level data from all four sites were used to estimate the lag time and time to peak. 
These data were very important for the calibration of the hydrologic model.   
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5 Computational Modelling 
5.1 Hydrological Model 
5.1.1 Introduction 
The Hydrologic Modelling System (HEC-HMS) was designed and developed by the US 
Army Corps of Engineers, to simulate the precipitation-runoff processes of dendritic 
(branch-like) catchment systems. It was designed to be applicable in a wide range of 
geographic areas for solving the widest possible range of problems, which includes large 
river basin water supply and flood hydrology, and small urban or natural catchment runoff. 
Hydrographs produced by this program can be used directly or in conjunction with other 
software (in this case MIKE 11) for studies of water availability, urban drainage, flow 
forecasting, future urbanization impact, reservoir spillway design, flood damage reduction, 
floodplain regulation, and systems operation. The HEC-HMS model was selected because it 
incorporates the SCS loss, lag time routing (both hydrologic and hydraulic) and other 
hydrologic methods for which data were available. Other reasons for selecting HEC-HMS 
were that the software is freely available and it has a user-friendly interface. 
The HEC-HMS model consists of three components: the meteorological model 
(climatological data), the basin model (element data and connectivity) and the control 
specification (simulation duration and time step).  
5.1.2 Meteorological Model 
The meteorological model provides for meteorologic data representation as well as data 
analysis and includes precipitation, evapotransipration and snowmelt. For this study, only 
precipitation was used, since evaporation was minimal within the catchment and is also 
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included within the losses calculation. Six different historical and synthetic precipitation 
methods were available, but only the specified hyetograph method was used.  
5.1.2.1 Precipitation 
The response of a catchment is driven by precipitation that falls on the catchment and 
evapotranspiration from the catchment.  The precipitation inputted into the model was in the 
form of observed rainfall from a historical event. For this study, historical precipitation data 
were obtained from the National Institute of Water and Atmospheric Research (NIWA), for 
the Broadfield EWS station in Lincoln (H32645) with coordinates -43.62622, 172.4704 
(latitude (dec.deg), longitude (dec.deg)) and was used for the calibration and verification of 
the model. For evaluating the performance of the L2 catchment, hypothetical or design 
storms were used to describe future risk of flooding.    
5.1.2.2 User specified hyetograph 
A number of storms were used for the calibration and verification of the hydrological model 
for the period of August to December 2006, but only three are presented in this report since 
they represent the range of variations in both intensity and duration (Figure 5-1).  
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Figure 5-1 Three examples of the storm hyetographs used for calibrating the hydrological model  
 
5.1.3 Basin Model 
 
The basin model was used to define the physical representation of the L2 catchment. The 
hydraulic elements (sub-basin, reach and junction) were connected in a dendritic network 
(schematic) to simulate the runoff process (Figure 5-2).  
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Figure 5-2 Physical representation of the L2 catchment showing subbasins, reaches and junctions 
 
The HEC-Geospatial Hydrologic Modelling Extension (GeoHMS) tool normally used to 
analyse digital terrain information and develop a number of hydrologic modelling inputs was 
unable to be used to define the L2 catchment. This is because the digital elevation model 
(DEM) available was of a low resolution (25 m), which impeded automatic delineation of a 
catchment in the flat terrain of the scheme. As a result of this, aerial photographs along with 
a drain map (GIS layer) of the area were used to visually define the catchment using ArcGIS. 
The hydrologic structure was manually defined using the required elements (Figure 5-2).  
The computation for a simulation proceeds from the upstream elements in a downstream 
direction. The basin model was also used to represent the hydrologic process, that is, 
precipitation losses, transform (surface runoff), baseflow and hydrologic routing. 
5.1.3.1  Precipitation Losses 
HEC-HMS computes runoff volume by computing the volume of water that was intercepted, 
infiltrated, stored, evaporated, or transpired and subtracts it from the precipitation.  
  
68
Interception and surface storage were intended to represent the surface storage of water by 
trees or grass, local depressions in the ground surface, cracks and crevices in parking lots or 
roofs, or a surface area where water was not free to move as overland flow.  Infiltration 
represents the movement of water to areas beneath the land surface.  Interception, 
infiltration, storage, evaporation, and transpiration collectively are referred as losses. There 
were nine different loss models that could be selected from within HEC-HMS.  
The SCS curve number loss model was used in this research, since it is the most widely used 
method and also because of data availability. HEC-HMS computes incremental precipitation 
during a storm by recalculating the infiltration volume at the end of each time interval. Three 
variables that were needed for the computation of losses are: Initial Abstraction, Ia; Curve 
Number, CN; and Impervious.  
5.1.3.2 Initial abstraction 
The initial abstraction defines the amount of rain that must fall before rainfall excess results 
(Scharffenberg and Fleming 2006). In changing the initial abstraction, this changes the 
infiltration response later in the storm. If this value was left blank, it was automatically 
calculated as 0.2 times the potential retention, S, which was calculated from the curve 
number (Equation 2-2). Table 5-1 shows the initial abstraction parameter used in the loss 
model to calculate the losses. This value was estimated from a typical depression retention 
for various land covers table.  
Table 5-1 Initial abstraction used in the SCS curve number loss model 
    
 Subbasin Initial Abstraction (mm)  
 1 12.7  
 2 12.7  
 3 12.7  
 4 12.7  
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5.1.3.3 Curve Number 
The curve number is a function of land use, antecedent soil moisture and hydrologic soil 
group within a catchment. The curve number is a dimensionless number defined such that 0 
≤ CN ≤ 100. For impervious and water surfaces CN = 100; for natural surfaces CN < 100.  
The curve numbers for the L2 catchment were derived utilising ArcMap 9, using the land 
use (obtained from the New Zealand land use cover database) and soils layers (obtained 
from the New Zealand Fundamental Soils Layer – FSL). All the features in the drain_class 
(drainage class) field from the soils layer, were “dissolved” to obtain a map with only the 
drain_class field. The attribute table was then edited to add a new field: hydr_soil 
(hydrologic soil). Using the drain_class field, their respective soil type was then assigned 
(Table 5-2) and the soils map was then “dissolved” again to show the hydrologic soil types 
(A, B, C & D). To simplify the landuse map, the lcbd1name field was “dissolved” map.  
Table 5-2 Conversion of drain_class to hydr_soil 
    
 drain_class hydr_soil  
 1 D  
 2 D  
 3 C  
 4 B  
 5 A  
 B D  
 l D  
 r D  
 t D  
    
 
The hydrologic soil group and the landuse map were then combined using the GIS “union” 
tool. The curve number for each combination of soil type and land use was then estimated 
from a runoff curve numbers table (see Appendix D for the table) and entered; the average 
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curve number for each sub-basin was then obtained. Table 5-3 shows the curve numbers 
used in the SCS loss model to calculate the losses. 
Table 5-3 Curve number used in the SCS curve number loss model 
     
 Subbasin Area (m2) Curve Number  
 1 10043100 74  
 2 5000000 78  
 3 30899400 53  
 4 36770000 47  
     
 
5.1.3.4 Impervious 
No loss calculations were carried out on the impervious area; all precipitation on that portion 
of the subbasin became excess precipitation and was subjected to direct runoff 
(Scharffenberg and Fleming 2006). Any percentage specified was not included in computing 
the composite curve number. Table 5-4 shows the impervious parameter used in the loss 
model to calculate the losses. 
Table 5-4 Impervious used in the SCS curve number loss model 
    
 Subbasin Impervious (%)  
 1 9  
 2 12.5  
 3 5  
 4 5  
    
 
5.1.3.5 Transform 
Direct runoff is the process of runoff of excess precipitation on a catchment.  This process 
refers to the "transformation" of precipitation excess into runoff.  A subbasin element 
conceptually represents infiltration, surface runoff and subsurfaces processes interacting 
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together. The actual subsurface runoff calculations were performed by a transform method 
within the subbasin (Scharffenberg and Fleming 2006).  
For our specific study, the SCS Unit Hydrograph method was used, because hydrograph data 
were available for each site (water level data were converted to discharge using the rating 
curves constructed). This method was originally developed from observed data collected 
from small agricultural catchments and seems appropriate for the L2 catchment. The lag is 
defined as the length of time between the centroid of precipitation mass and the peak flow of 
the resulting hydrograph. The lag times for the subbasins, as well as for the reaches (input 
parameter), were estimated from the hydrograph data obtained.  Table 5-5 shows the lag 
time used in the model. 
Table 5-5 Lag time for subbasins 1 to 4. 
    
 Subbasin Lag Time (mins)  
 1 490  
 2 440  
 3 690  
 4 830  
    
 
5.1.3.6 Baseflow 
A subbasin element conceptually represents infiltration, surface runoff and subsurface 
processes interacting together. Actual subsurface runoff calculations in HEC-HMS are 
performed by a baseflow method contained within the subbasin (Scharffenberg and Fleming 
2006). There are different methods of assigning baseflows, but the constant monthly 
baseflow approach was chosen. Actual data showed that baseflow levels are constant during 
the month. This method allows the specification of a constant baseflow for each month of 
the year. Monthly baseflow was estimated from water level data for each month studied and 
then converted to discharge by using the rating curves developed.  For modelling, the 
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baseflow contribution for subbasin two was determined by subtracting the estimated 
baseflow at site 2 from that of site 1; the same was also done for subbasins 3 and 4. As 
shown in Table 5-6 below, the baseflow contribution reduces from winter to summer 
seasons. Since there is less rainfall to recharge the aquifers and groundwater abstractions are 
greater during summer; the pressure head of springs that contributes to baseflow of the river 
is reduced. 
Table 5-6 Average monthly baseflow contribution observed (m3/s) for  July to December, 2006 
       
       
Basin July August September October November December 
1 1.45 1.52 1.48 1.47 1.38 1.21 
2 0.45 0.45 0.51 0.57 0.45 0.57 
3 0.53 0.53 0.24 0.36 0.23 0.19 
4 1.45 1.41 1.33 1.21 1.18 1.12 
       
 
5.1.3.7 Hydrologic Routing 
Routing for all the reaches (a reach is an element with one or more inflow and only one 
outflow) was done by using the Lag model (Table 5-7). The Lag routing model only 
represents the translation of flood waves. It does not include any representation of 
attenuation and/or diffusion processes. It is therefore best suited for short stream segments 
with a predictable travel time that does not vary with depth, as was seen in the L2 River. The 
only parameter required was the lag time in minutes. This parameter was determined by 
obtaining the time differences of the peak flow for each reach, as observed from the logged 
water level data. Inflow into the reach was delayed by the lag specified and then becomes 
outflow. 
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Table 5-7 Reach Routing 
    
 Reach Lag Time (mins)  
 1 430  
 2 390  
 3 450  
    
5.1.4 Control Specification 
The control specification controls the time span of a simulation. These included a starting 
date and time, ending date and time as well as a time interval.  A ten minute time interval 
was utilised, since the logger recorded data at the same time interval. 
5.1.5 Calibration and Validation of Hydrologic Model 
Model calibration consists of changing values of model input parameters in an attempt to 
match field conditions within some acceptable criteria (how well the model data fits the 
measured data). This requires that field conditions at a site be properly characterized. Lack 
of proper site characterization may result in a model that is calibrated to a set of conditions 
which are not representative of actual field conditions. At a minimum, model calibration 
should include comparisons between model-simulated conditions and field conditions. 
Four parameters: curve number, initial abstraction, impervious and lag time were subject to 
calibration and validation within the HEC-HMS hydrologic model. The traditional Nash-
Sutcliffe Coefficient of model efficiency5, NS, was evaluated and used as a guide to 
calibrate and validate the model, as well as the Coefficient of Variation, CV, which is also 
used for comparison of predicted and actual measurement. 
                                                 
5 The Nash-Sutcliffe Coefficient of model efficiency, NS, is a statistical criterion for evaluating hydrologic goodness of fit 
between measured and predicted values for each method. An NS value of 1 indicates a perfect fit between measured and 
predicted values for all events, whilst a value of 0 indicates that the fit is as good as using the average value of all the measured 
data for each event. 
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Calibration and validation was done over the period of August to December, 2006. 
Because the water level logger installed at site 1 did not capture some of the peak flows from 
a few rainstorm events, this potentially affected the calibration of basin 1 within the model.  
To negate this problem a smaller storm (logged on 30 December) whose peak was captured 
by the logger was used to calibrate basin 1. The logger at site 4 was only used when the lake 
was calm in the calibration process, since the outflow was influenced by the lake height as 
well as wind (and by waves generated from the wind), therefore parameters for basin 4 were 
estimated based on the calibrated parameters from the other basins, taking the conditions 
into consideration.  
Table 5-8 and Figures 5-3, 4 and 5 show the calibration and validation details for the HEC-
HMS hydrological model developed (how well the model data fits the measured data). 
Appendix D shows a detailed summary of the calibration and validation data for the 
hydrologic model. 
It was considered that the model performed satisfactorily for storm events of 23.2 mm and 
lower. A maximum Nash-Sutcliffe value of 0.77 and a minimum value of 0.51 were 
obtained for storm 1 (Table 5-8). A NS value of 0.69 was computed for the December storm 
for site 1 (one of several other storms modelled). For the storm simulated for the period 21 to 
24 August, the model peaked approximately six hours after the measured data for both site 2 
and 3 (Figure 5-4), but for the storm simulated for the 13 to 16 August, peak times for both 
sites were much closer (Figure 5-3). 
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Table 5-8 Calibration and Validation details for the HEC-HMS model 
       
 Storm 1      
 Date  13/08/2006 - 15/08/2006   
 Total precipation 17.49 mm    
 Duration  38 hours    
       
  Site 1*   Site 2   Site 3   
  Measured Modelled Measured Modelled Measured Modelled 
  m3/s m3/s m3/s m3/s m3/s m3/s 
Mean 1.579 1.585 2.218 2.136 2.981 2.885
Standard Deviation 0.048 0.072 0.164 0.105 0.233 0.198
CV 0.031 0.045 0.074 0.049 0.078 0.069
NS   0.511   0.578   0.777
       
       
 Storm 2      
 Date  21/08/2006 - 22/08/2006   
 Total precipation 23.2 mm    
 Duration  14 hrs    
       
  Site 1*   Site 2   Site 3   
  Measured Modelled Measured Modelled Measured Modelled 
  m3/s m3/s m3/s m3/s m3/s m3/s 
Mean 1.593 1.621 2.236 2.185 2.937 2.868
Standard Deviation 0.072 0.187 0.181 0.256 0.335 0.452
CV 0.045 0.116 0.081 0.117 0.114 0.158
NS   -2.462   0.511   0.630
       
       
 Storm 3      
 Date  03/10/2006 - 04/10/2006   
 Total precipation 74.01 mm    
 Duration  24 hrs    
       
  Site 1*   Site 2   Site 3   
  Measured Modelled Measured Modelled Measured Modelled 
  m3/s m3/s m3/s m3/s m3/s m3/s 
Mean 1.580 2.310 2.298 3.349 2.879 5.057
Standard Deviation 0.084 1.519 0.220 2.068 0.460 3.957
CV 0.053 0.658 0.096 0.618 0.160 0.782
NS   -374.571   -94.901   -81.610
       
* The peak of the hydrographs missing, due to shortness of logger 1 at site 1  
 
For the storm simulated on the 03 October 2006, a total precipitation of 74.01 mm (15 year 
annual recurrence interval (ARI) storm), the model hydrographs were found to be 55.9 per 
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cent in excess of the measured hydrograph (Figure 5-5). It is believed that the reason for 
the difference between the measured and modelled data is due to the fact that the channel 
had overtopped its bank at several locations along the length of the river. Several river 
sections were identified where the overtopping (flooding) had occurred (confirmed by 
locals). These are Moirs Lane (before site 1, just out of Lincoln), a section north of 
McDonald Rd., Silverstream and Yarrs lagoon, just to name a few (Figure 5-6). 
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Figure 5-3 Measured vs. modelled storm event for the period of 13 to 16 August, 2006 
 
 
  
77
21 - 24 Aug. 2006, Storm 
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Figure 5-4 Measured vs. modelled storm event for the period of 21 to 24 August, 2006 
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Figure 5-5 Measured vs. modelled storm events for the period of 03 to 07 October, 2006 
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Figure 5-6 Potential flooding areas along the L2 River after an extreme rainstorm events 
 
To support the theory that the flow had overtopped its banks during the storm that occurred 
on the 3 October 2006, the maximum allowable flow at each cross-section was estimated 
(Table 5-9) using the expression Q = A * v. The cross-sectional area for each surveyed cross 
section (between sites 1 and 4) was calculated and a maximum average channel velocity of 
0.30 to 0.50 m/s was estimated (the highest recorded during streamflow measurement was 
0.36 m/s), to determine this maximum allowable flow. 
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Table 5-9 Estimated Maximum flow (discharge) within each section using a range of velocity (0.30 
to 0.50 m/s)  
 
   
Cross Section X- Sectional Max. Estimated
   Area, A Discharge 
 # m2 m3/s 
1 (Site 1) 11.00 3.30 - 5.50 
2 11.25 3.38 - 5.63 
3 9.00 2.70 - 4.50 
4 24.00 7.20 - 12.00 
5 6.10 1.83 - 3.05 
6 (Site 2) 24.00 7.20 - 12.00 
7 22.70 6.81 - 11.35 
8 15.40 4.62 - 7.70 
9 (Site 3) 24.00 7.20 - 12.00 
10 29.10 8.73 - 14.55 
11 20.00 6.00 – 10.00 
12 (Site 4) 31.25 9.38 - 15.63 
   
 
As shown in Table 5-9, the lowest estimated discharge through the L2 River was 3.05 m3/s 
at cross section #5, hence the maximum discharge the channel can convey for branch 1, 
without overflowing its bank was 3.05 m3/s, within the study area (at Silverstream) which is 
close to site 2. It is important to note that other cross-sections that were not surveyed may 
carry less flow. Using the rating curves created to convert water level to discharge, the 
maximum discharge logged at site 2 was 2.73m3/s. Also taking into account that Moir’s 
Lane is located before site 1 (out of study area) the same occurs, that is, the channel was 
overtopped and an area of ponding was created during high flows. Therefore, there was even 
less water entering the area of study than the model computed for this storm. 
5.1.6 Sensitivity Analysis 
A sensitivity analysis was performed, examining the impact that curve number, initial 
abstraction and lag time have on the hydrological model. The results from a sensitivity 
analysis helped to identify which input parameters should be selected with greater precision 
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(i.e. the ones that have a high sensitivity) and what parameters would be acceptable with a 
rougher approximation.  
The sensitivity analysis was done by making one standard run using a storm with the 
calibrated parameters. The investigated parameter was then changed and a new run 
computed. The relative percentage difference between the used parameter values (the 
investigated one) was then compared with the relative percentage difference in the results. 
The percentage difference between the results was divided by the percentage difference in 
the parameter to obtain the relative percentage sensitivity. This procedure was then repeated 
for other parameters tested, as well as for the other storms studied. 
Comparing these numbers shows which results are sensitive to changes in parameters. For 
this analysis the peak flow, peak time and total volume at the outlet were used as the results. 
Table 5-10, Figures 5-7, 8 and 9 show the result of the sensitivity analyses for each 
parameter analysed. The summary of the performed runs is shown in Appendix E. In the 
case of the curve number and the initial abstraction where each subbasin had its own value, 
the mean value used in the simulation was presented in tables and used for the sensitivity 
calculation. 
Table 5-10 The storm events used 
    
Storm Total  Duration 
  precipation   
  (mm) (hrs) 
1 17.49 38
2 23.20 14
3 74.01 24
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Sensitivity analysis for curve number
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Figure 5-7 Sensitivity analysis for peak flow, peak time and total volume for curve number 
 
Sensitivity analysis for initial abstraction
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Figure 5-8 Sensitivity analysis for peak flow, peak time and total volume for initial abstraction 
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Sensitivity analysis for lag time
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Figure 5-9 Sensitivity analysis for peak flow, peak time and total volume for lag time 
 
A relative sensitivity value above ±1 was regarded as a critical value, since it means that the 
result changes more than the parameter and therefore is highly sensitive. The sensitivity 
analysis shows that the highest values were for the curve number on the peak flow. The 
curve number was also the most sensitive parameter when it comes to total volume (Figure 
5-7). These results were expected, since the curve number was used for calculating losses 
and since a higher curve number results in more runoff and therefore more volume and 
higher peaks. 
The lag time was the most sensitive parameter when it comes to peak time (Figure 5-9). Lag 
time was the least sensitive parameter, compared to other analysed parameters (i.e. curve 
number and initial abstraction) for the total volume. An increase in lag time results in a 
lower peak from the subbasins. Hence, to transport similar volumes on a longer time frame, 
will result in a lower peak. 
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The biggest change in value for a single parameter was the initial abstraction, which was 
increased by more than 160 per cent (Appendix D). Naturally this seems tremendous, but 
when it comes to sensitivity, Ia seems insensitive, with values below 0.25 for all evaluated 
results.  
It is important to note that as the total precipitation increases, the sensitivity of the model to 
the inputted parameters increases. Therefore care was taken when estimating all parameters 
for the model but specifically the curve number, as it is the most sensitive parameter. 
5.1.7 Model Output 
HEC-HMS calculates a hydrograph and time to peak for each subbasin, reach and junction 
hydrograph. The results of a run can be viewed as a time series for a specified subbasin, 
reach or junction, which can be copied and pasted into Microsoft Excel. For this study the 
hydrographs from the simulated scenarios, that is, for the 2, 10 and 20 year ARI storms for 
subbasins 1 to 3, was used as input parameters for the MIKE 11 hydraulic model.  
5.2 Hydraulic Model 
5.2.1 Introduction 
The hydraulic model of the L2 River within the L2 catchment was constructed using MIKE 
11. The MIKE 11 software package is a versatile and modular engineering tool for 
modelling conditions in rivers, lakes/reservoirs, irrigation canals and other inland water 
systems. It is able to model relatively low, shallow flows, which were analogous to the flow 
seen in the L2 River. Other modelling packages, such as HEC-RAS, which are specifically 
for river modelling, are more focused towards large steady flows. Another reason for 
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selecting MIKE 11 was the availability of a software licence in the Department of Civil 
Engineering. As Dark (2005) claims, 
Computational modelling allows water levels and discharges at any point along 
the modelled reach to be investigated, whereas field observations and analysis 
of hydrological data are limited by the number of measurement points (Dark 
2005). 
Mosley (1992) also stated that, 
Models are not scientific theories, though the two are closely linked. A model 
provides a means for exploring a theory and for testing hypotheses (Mosley 
1992).  
The aim of the computational modelling programme was to quantify what the effects of 
higher lake levels coupled with large storms events (2, 10 and 20) will be on the L2 
Drainage scheme.  
5.2.2 Model Setup 
The MIKE 11 user interface comprises a number of different editors in which data can be 
implemented and edited independently of each other. The integration and exchange of 
information between each of the data editors was achieved by the use of the MIKE 11 
Simulation editor. For this study the network, cross-section, boundary and hydrodynamic 
modules were used. The hydrodynamic module is the nucleus of the Mike 11 modelling 
systems and forms the basis for most modules. 
5.2.3 Network Module 
The river network editor gives an overview of the current setup and provides a common link 
to the various MIKE 11 editors (DHI Water and Environment 2004). This editor is the 
central unit of the MIKE 11 graphical user interface and consists of two views, a graphical 
view, where graphical editing of the network was performed and a tabular view, where the 
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river network data were presented in tables. The L2 River was defined and connected to 
form three branches: branch 1; a length of 2314 m (site 1 to Englishs Road bridge), branch 2; 
a length of 3344 m (Englishs Road bridge to Pannetts Rd. bridge) and branch 3; a length of 
3487 m (Pannetts Road Bridge to site 4). The graphical view of the Network is shown in 
Figure 5-10. 
 
Figure 5-10 Network editor showing the graphical view of the L2 River (Land Information New 
Zealand 1:50000 Topographic Map sheets) 
 
5.2.4 Cross-Section Module 
The cross-section editor was used to define the cross-sections of selected locations along the 
L2 River and consists of two data sets, the raw (Figure 5-11) and processed data. The raw 
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data represents the physical shape of the cross-section using (x, z) co-ordinates. The 
processed data were calculated from the raw data and contain corresponding values for level, 
cross-sectional area, flow width and hydraulic/resistance radius. After the network has been 
defined, the twelve cross-sections, along with the chainage and respective datum (elevation) 
were then entered at locations (where cross-sections were executed) to define the channels.  
 
Figure 5-11 Cross-section showing raw data and cross-sections of the L2 River 
 
5.2.5 Boundary Module 
The boundary editor was used to specify boundary conditions to the MIKE11 model. It was 
used not only to specify common boundary conditions such as water levels and inflow 
hydrographs but also for the specification of lateral flows along river reaches. The boundary 
editors consist of the time series editor and the boundary editor. The time series data dialog 
consists of two views, a tabular and a graphical view. The boundary editor dialog was used 
to specify the boundary conditions for the hydrodynamic calculation. The MIKE 11 model 
required water level or discharge data boundary events to be specified at all boundary nodes 
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in the model, that is, discharge (obtained from converting the water level data to discharge 
using the rating curve created) at site 1 and water level at site 4. The boundary data for an 
event were entered as a time series, with a ten-minute time step. Screen shots of the time 
series editor and the boundary editor are shown in Figure 5-12 and Figure 5-13.  
 
Figure 5-12 MIKE 11 time series editor showing graphical and tabular flow rate data for site 1 
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Figure 5-13 MIKE 11 boundary editor 
 
The boundary at the upstream end of a branch, that is, the “inflow” boundary condition 
(since water is entering the channel) was entered in the times series editor and then selected 
in the boundary editor. The boundary data at the downstream end, that is, the water level 
data, were entered into the time series dialog and then selected in the boundary editor. The 
inflow from the drains (basin) between sites 1 and 4 was included in the model as lateral 
inflow (point source) at sites 2 and 3, since this represents the actual flow condition seen 
within the catchment. If this was not included in the model building process, the water level 
within the channel when simulated, would be lower than it should have been. As a result of 
this, the Manning’s n roughness coefficient would be over-estimated, since the higher the 
roughness coefficient, the higher the same quantity of water would be in the channel.   
5.2.6 Hydrodynamic Module 
The hydrodynamic editor allows the user to define values for a number of variables used 
during the hydrodynamic computation (DHI Water and Environment 2004). The initial 
conditions were set as shown in Figure 5-14. The parameter of main concern in this editor 
was the Manning’s n (Table 5-11), since this parameter affects the water level in the channel. 
The Manning’s n values used for December were calculated, using Equation 2-5, with the 
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parameters obtained from fieldwork. These values together with additional field work 
were then used to estimate Manning’s n value (Table 5-11) for other months. As can be seen, 
the Manning’s n value increased during the period of study, coinciding with the actual field 
condition, that is, increase in weed growth from winter to summer.  
 
Figure 5-14 Hydrodynamic parameters 
 
Table 5-11 Calibrated Manning's n Values 
 
      
 Calibrated Monthly Manning's n values  
      
 Months Manning's n Values    
   Branch 1 Branch 2 Branch 3  
 July 0.073 0.067 0.055  
 August 0.075 0.070 0.058  
 September 0.070 0.082 0.062  
 October 0.085 0.093 0.065  
 November 0.092 0.103 0.071  
 December 0.099 0.114 0.077  
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5.2.7 Model Settings 
The main computational parameter that is set by the user in MIKE 11 is the time step. In 
general, complicated modelling situations required shorter time steps for the simulation to be 
numerically stable. For a given simulation a shorter time step will produce more accurate 
results, but will require more time to compute. The time step should be adequate to provide 
an accurate representation of a wave progressing down a river. If there are structures located 
along the length of the river, a smaller time step is required. For this study, a ten-minute time 
step was used for the simulations.  
5.2.8 Model Output 
MIKE 11 calculates water level and discharge at each cross-section for each time step 
specified. The results of the simulations were viewed in MIKE View as animations, as a 
time series for a specified cross-section or along the length of the river. Results were also 
exported to Microsoft Excel for further analysis. MIKE View also computed the flood depth 
for all three branches of the L2 River. The most useful output was the water level time series 
at the various cross-sections along the length of the L2 River.  
5.2.9 Calibration and Validation of Hydraulic Model 
The MIKE 11 hydraulic model was calibrated and validated by modifying Manning’s n 
values according to field observation. The percentage deviation between measured and 
modelled data was evaluated and used as a guide to calibrate and validate the model. The 
Coefficient of Variation, CV, was also used for comparison of modelled and actual 
measurements. 
Calibration and validation was done over the period of July to December, 2006, on a 
monthly basis. Four simulation periods which represent the variation of flow and weed 
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found within the channel are presented. These are periods in July – when the weeds are 
very low, December – when the weeds are high and dense and two large storms in August. 
Since the logger installed at site 1 did not capture some of the peak flows from rainstorm 
events, this affected the calibration of the model at site 2 and site 3 for a storm event (less 
inflow in the channel) to some extent.  
To overcome this problem, the hydrograph for the storm measured on the 21 to 24 August 
2006 for site 2 was used as the “inflow” condition. Therefore, no lateral inflow was entered 
in the time series and boundary editor for site 2. The difference in the measured hydrographs 
between sites 2 and 3 was then used as the lateral inflow for site 3 in the simulation. As a 
result of this, the measured water level at both sites 2 and 3 should closely match that of the 
model, since the measured water level (converted to discharge) was used as the inflow for 
this simulation (Table 5-12 and Figure 5-16). Also, the rainstorm event that occurred for the 
same period, that is, 21 to 24 August, 2006 was simulated using the HEC-HMS model and 
the resulting hydrographs for subbasins 1, 2 and 3 were used as “inflow” parameters for the 
hydraulic simulation. The hydrograph of subbasin 4 was not used, since site 4 was fixed, that 
is, the water level data were entered as a time series and were selected in the boundary 
editor.  
Table 5-12 and Figures 5-15, 16, 17 and 18 show the calibration and validation details for 
the MIKE 11 hydraulic model developed (how well the model data fits the measured data). 
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Table 5-12 Calibration and validation 
       
   Period 25th - 31st July, 2006  
       
  Site 2   Site 3    
  Measured Modelled Measured Modelled  
 Mean 2.143 2.153 1.405 1.405 
 Standard Deviation 0.009 0.008 0.005 0.013 
 Coeff. Of Variation 0.004 0.004 0.003 0.009 
 Max 2.171 2.173 1.414 1.579 
 Min 2.029 2.141 1.390 1.390 
 Percent Deviation   0.454  0.466 
       
   Period 21st - 24th August, 2006  
 Using site 2  measured hydrograph as an "inflow" parameter  
  Site 2   Site 3    
  Measured Modelled Measured Modelled  
 Mean 2.381 2.354 1.683 1.597 
 Standard Deviation 0.125 0.101 0.182 0.156 
 Coeff. Of Variation 0.052 0.043 0.108 0.098 
 Max 2.598 2.520 1.964 1.844 
 Min 2.206 2.208 1.431 1.352 
 Percent Deviation   1.102  4.884 
       
   Period 21st - 24th August, 2006  
 Using results from the HEC simulation as input parameters  
  Site 2   Site 3    
  Measured Modelled Measured Modelled  
 Mean 2.381 2.283 1.683 1.522 
 Standard Deviation 0.125 0.071 0.182 0.090 
 Coeff. Of Variation 0.052 0.031 0.108 0.059 
 Max 2.598 2.434 1.964 1.696 
 Min 2.206 2.060 1.431 1.419 
 Percent Deviation   3.974  9.476 
       
   Period 1st - 15th December, 2006  
       
  Site 2   Site 3    
  Measured Modelled Measured Modelled  
 Mean 2.408 2.390 1.438 1.399 
 Standard Deviation 0.002 0.001 0.009 0.006 
 Coeff. Of Variation 0.001 0.000 0.007 0.004 
 Max 2.415 2.392 1.459 1.420 
 Min 2.399 2.389 1.424 1.392 
 Percent Deviation   0.739  2.720 
       
 
 
  
93
For the simulations done when the weed was low within the channel (25 to 31 July) and 
when the weed was very dense (1 to 15 December) with no rainstorm event, the model 
performed exceptionally well, with the maximum percentage deviation 2.70 and a minimum 
value of 0.45. For the simulation executed using the measured hydrograph of site 2 as the 
inflow parameter, the model also performed well (Figure 5-16) with a maximum coefficient 
of variation of 0.098 and a minimum of 0.043. For the storm modelled using HEC-HMS for 
the period 21 to 24 of August 2006, the average maximum water level at sites 2 and 3 was 
found to be 11.27 per cent below the measured water level (Figure 5-14).  
Based on the data presented in Table 5-14, it was considered that the model performed 
satisfactorily; with a maximum percentage deviation value of 9.48 and a minimum value of 
0.45. Since the model performed well for the other modelled periods, it is believed that the 
rating curve constructed for each site, which was adversely affected by the growth of weed 
in the channel (raising the water level) has affected the calibration of both models to some 
degree as seen by the results presented in Tables 5-8 and 11. Figures 5-15, 16, 17 and 18 also 
show calibration and validation results from the hydraulic model for all four simulation 
periods. 
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Figure 5-15 Comparison of measured vs. modelled for the period of 25 to 31 July for sites 2 and 3 
 
21 to 24 August, 2006 using site 2 as an "inflow"
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Figure 5-16 Comparison of measured vs. modelled for the period of 21 to 24 August using site 2 as an 
inflow parameter for sites 2 and 3 
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21 to 24 August, 2006 using Hec-Hms simulation
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Figure 5-17 Comparison of measured vs. modelled for the period of 21-24 August using the HEC 
simulation as inflow parameter for sites 2 and 3 
 
1 to 15 December, 2006
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Figure 5-18 Comparison of measured vs. modelled for the period of 1-15 December for sites 2 and 3 
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5.2.10 Sensitivity Analysis 
A sensitivity analysis was performed, looking at the impact that Manning’s n, slope and the 
cross-section has on the results. The results from the sensitivity analysis helped in 
identifying which input parameters should be selected with greater precision (i.e. the ones 
that have a high sensitivity) and what parameters will be acceptable with a rougher 
approximation. 
The sensitivity analysis was completed by making one standard simulation for a period, with 
the calibrated parameters. The investigated parameter was then changed and a new 
simulation computed. The relative percentage difference between the used parameter (the 
investigated one) values was then compared with the relative percentage difference in the 
results. The percentage difference between the results was divided by the percentage 
difference in the parameter to obtain the relative percentage sensitivity. This procedure was 
then repeated for other parameters tested. For this analysis the water level was used as the 
results.  
5.2.10.1 Model sensitivity to slope and cross-section 
The elevation of cross-section 6 was decreased from 1.099 m to 0.9099 m asl (hence 
increasing the slope of reach 5 from -0.0003 to 0.0009 (Table 4-5)) to determine the 
sensitivity of the slope parameter. Also, the sensitivity of the model was determined as to 
discover how many points were required to define cross-sections within the model. The 
sensitivity for both slope and cross-section was only conducted for the period 25 to 31 July 
2006. Table 5-13 and Figure 5-19 show a summary over the performed runs and the result of 
the sensitivity analyses for Manning’s n; each branch had its own value, but the mean value 
was used for the calculation. 
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Table 5-13 Sensitivity Analysis Summary 
  Period 25th - 31st July, 2006     
  Original     Analysed      
  Branch 1 Branch 2 Branch 3 Branch 1 Branch 2 Branch 3  
Manning's n 0.073 0.067 0.055 0.100 0.100 0.100 
Average Manning's n     0.065   0.100 
% difference to original value             53.846
            
Model Results          
Average max. water level (site 2 and 3) (m) 1.779    2.054 
% difference to original value             15.438
          
Relative sensitivity (% change results / % change Manning's n)    
Water Level             0.287
         
  Period 21st - 24th August, 2006     
  Original     Analysed      
  Branch 1 Branch 2 Branch 3 Branch 1 Branch 2 Branch 3  
Manning's n 0.080 0.077 0.061 0.100 0.100 0.100 
Average Manning's n     0.073   0.100 
% difference to original value             37.615
            
Model Results          
Average max. water level (site 2 and 3) (m) 2.032    2.313 
% difference to original value             13.846
          
Relative sensitivity (% change results / % change Manning's n)    
Water Level             0.368
         
  Period 1st - 15th December, 2006    
  Original     Analysed      
  Branch 1 Branch 2 Branch 3 Branch 1 Branch 2 Branch 3  
Manning's n 0.099 0.114 0.077 0.130 0.130 0.130 
Average Manning's n     0.097   0.130 
% difference to original value             34.715
            
Model Results          
Average max. water level (site 2 and 3) (m) 1.923    2.119 
% difference to original value             10.215
          
Relative sensitivity (% change results / % change Manning's n)    
Water Level             0.294
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Figure 5-19 Sensitivity analysis for water level for Manning's n 
 
Relative sensitivity values above ±1 were regarded as critical values; since this represented 
that the model output changes more than the tested parameter and therefore was highly 
sensitive. Manning’s n was a sensitive parameter, but not a critical one, with a maximum 
sensitivity value of 0.37 and a minimum of 0.29.  The larger the Manning’s n value used in 
the model, the higher the water level. An increase of Manning’s n (average) by 42.06 per 
cent resulted in the average maximum water level rise of 13.17 per cent at sites 2 and 3. 
A decrease in elevation at cross-section 6 by 17.21 per cent (an increase in reach 5 slope by 
366.67 per cent) has resulted in a decrease in the maximum water level at cross sections 3, 4, 
5 and 6, a distance of over 762 m (Figure 5-20), with cross-section 5 affected the most (7.00 
per cent). 
  
99
Difference in water level due to change in elevation at cross section 6
1
1.5
2
2.5
3
3.5
0 1 2 3 4 5 6 7 8
Cross section #
W
at
er
 le
ve
l, 
m
 (a
sl
)
Original water level
New water level
no change
no change
 
Figure 5-20 Change in elevation at cross-section 6 
 
For the sensitivity analysis of the cross-sections, the cross-sections within the model were 
defined at 1.5 m and 2.5 m intervals instead (fewer surveyed points) of the 0.5 m (i.e. as 
actually measured in the field). Figure 5-21 shows cross-sections 1 and 12 as defined within 
the hydraulic model using surveyed points at 0.5, 1.5 and 2.5 m intervals. As shown in 
Figure 5-21, the fewer the surveyed points for cross-section 1, the elevation and hence the 
slope of the channel bottom was affected (different from when using the 0.5 m intervals). 
Whereas, with cross-section 12, the elevation or slope of the channel bottom was least 
affected. 
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Figure 5-21 Samples of cross sections defined at 0.5, 1.0 and 2.5 m intervals used in the sensitivity 
analysis 
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Figure 5-22 Resulting water levels after defining all cross-sections at 0.5, 1.5 and 2.5 m intervals 
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Site 2 was found to be affected the most. Because the upper reach of the L2 River is 
narrower than the lower reach, a less defined survey (as in this case 1.5 or 2.5 m interval) 
would misrepresent the profile of the cross-section. Since the least defined cross-section 
affects the elevation and the slope of the channel, this results in an increase in the water level 
within the channel, in this case by 10.75 per cent (1.5 m interval) (Figure 5-22). Likewise, 
since the lower reach is wider, fewer points can be surveyed. It was found that this does not 
affect the water level; a mere 3.69 per cent increase in water level was found (Figure 5-22).  
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6 Discussion 
6.1 Efficiency of the L2 Drainage System 
The Selwyn District Council (SDC) has the overall responsibility for the maintenance and 
management of the L2 River as well as the extensive system of drains within the L2 
catchment. The L2 drainage district has a total length of 64.4 km of classified drains that is 
maintained by the SDC (Iremonger 2005). In addition to this there is an unknown length of 
private drains, which services individual property needs and is maintained by the individual 
property owners. It is likely most, if not all, of these private drains empty into the managed 
system.  
The L2 River and the drainage network are currently cleaned on a yearly basis. The weed 
cutting programme is undertaken by the L2 Drainage Committee of the Selwyn District 
Council. The optimum time for cleaning drains is just prior to any high rainfall period as this 
reduces the time for weeds to re-establish. Aquatic plants become a problem when species 
introduced to New Zealand are present and conditions (such as adequate light, temperature 
and nutrients) are right for them to grow rapidly.  
When the above-mentioned conditions are suitable, submerged weeds will form mounds 
beneath the water, sometimes stretching from bank to bank and forming a large mass that 
channels the water into a fast flowing current around the weed masses (Figure 6-1). When 
these conditions continue to prevail, the weeds gradually grow up towards the water surface 
forming a dense, virtually impenetrable, mass on the bottom and a less dense mass actively 
growing near the surface (Figure 6-2).  
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Figure 6-1 Weeds within the channel looking downstream of Pannetts Road bridge 
 
 
Figure 6-2 Weeds growing on the water surface, upstream of cross-section 9 
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High weed content within the L2 channel has two possible effects: an environmental one 
on other plants and animals within the stream, and a physical effect. The major physical 
effect is an increase in the water levels associated with the weed growth, as was observed by 
the water level loggers (Figure 6-3). As shown, sites 1, 2 and 3 all showed a gradual increase 
in water level (1 to 19 December), even though there was no rainstorm for the corresponding 
period and as shown in Figure 6-3, lake level was constant (except for wind effect).  
A partial clearing of the weeds (by the use of a hydraulic digger) within the channel between 
McDonald Road and Englishs Road, that is, a section downstream of site 1 and upstream of 
site 2, cleared late in December 2006, has resulted in a reduction of the water level of 0.25 m 
at site 1 and 0.2 m at site 2. It is important to notice that this occurred even though site 4 
water levels were constant (was not opened to the sea) (Figures 6-3 and 4). 
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Figure 6-3 Drop in water levels after partial weed clearing done in December 
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Figure 6-4 De-weeding of the L2 River between McDonald Road and Englishs Road 
 
Studies around the world, and specifically one conducted in England (Haslam 1978), have 
indicated that streams under 20 m wide and less than 2 m deep are likely to have ponding or 
flooding problems associated with plant growth. This is also the case for the L2 River. The 
plants affect the ability of the channel to convey water in two ways. Firstly, all aquatic plants 
offer some resistance to flow with the amount depending on the plants’ size, structure and 
shape. The second effect arises as the plants get denser and water moves more slowly 
through them (a reduction of the water velocity, as the weed grows (Figure 4-11)) and hence 
the channel cross-sectional area is effectively reduced.  
The aquatic weeds (submerged plants) seen in the L2 River were mainly Canadian pond 
weed (Elodea canadensis) and curly pondweed (Potomogeton crispus), while monkey musk 
(Mimulus gutattus), watercress (Rorippa nasturtium-aquaticum) (also seen growing 
submerged) and floating sweetgrass (Glyceria fluitans) were found to be semi-emergent 
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plants. The semi-emergent plants extended from the banks along the channel and out into 
the waterway of the river, channelling the water around them and trapping debris. They also 
caused an increase in water level as their stalks became clogged with debris and silt. 
However, since semi-emergent plants grow from the bank and leave the faster flowing 
central channel free of blockage, a greater volume of semi-emergent plants will be required 
to give the same effect of flow obstruction as weeds that were submerged in the central 
channel. As the water level continued to rise because of the growth in weeds, sections of the 
river were either overtopped or very close to being overtopped (Figures 6-5 and 6). 
Since water level rise within the L2 channel has been associated with the weed growth the 
height of the banks will determine whether the water level rise caused by the weeds is 
sufficient to cause flooding of surrounding land. There are a number of sections where the 
rise in water level associated with the high weed growth will cause ponding/flooding.  These 
locations include the right bank of cross-section 3 located north of McDonald bridge, the left 
bank of cross section 5 at Silverstream and the left bank of Yarrs lagoon (i.e. between cross-
sections 7 and 8) (Figures 5-12, 6-5 and 6).  
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Figure 6-5 Cross-section (7) with water level close to overtopping the channel left bank. 
 
 
Figure 6-6 Flooding in Yarrs Lagoon as a result of high water level associated with continued weed 
growth (January 2007). 
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The high water levels as a result of the weed growth are not the only potential cause of 
flooding in the L2 River. High water levels in Lake Ellesmere will also cause flooding to 
adjacent farmlands. However, if there is a large amount of weed within the L2 channel, 
flooding caused by high lake levels may be exacerbated by the weeds, coupled with a major 
rainstorm event, in addition to a strong south-easterly wind. Lake Ellesmere and the L2 
drainage scheme is no stranger to floods, with three major floods occurring within the last 
twenty years (1986, 1992 and 1994 (See Appendix F for photographs)), as a result of high 
lake levels coupled with either rain or snow. Similarly, flooding caused by unusually high 
groundwater levels and spring-fed flows could be worsened by the presence of weed in the 
channel. 
Therefore, for the efficient movement of water in the drainage system, an effective 
programme for the control of aquatic/drain bank weeds and silt removal is required. Aquatic 
weeds and silt build-up contribute to inefficient water use by restricting water movement 
within the drains, thus decreasing the drainage ability. Vegetation growth (perennial 
grasses), however, is desirable on drain banks at the waterline and above waterline to 
minimise the establishment of land weeds and to prevent bank, wind and water erosion 
(Shaw 2006). 
Current drain cleaning aims to only remove the vegetation growing on the banks of the drain 
that restricts water flow and silt. Drain cleaning also removes the sand and weed that has 
been deposited in the bottom of the drain, which reduces the waterway area or the water 
velocity. This process of drain cleaning is currently carried out using a combination of 
mechanical cleaning, spraying and cutting (see Appendix G for more details). 
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Weed cutting only occurs on the L2 River. Cleaning normally starts in late January and 
takes about 12 days. Cleaning is carried out using a floating weed cutting plant referred to as 
the Ellesmere Queen (Figure 6-7). The weed cutting within the L2 River is usually triggered 
when the water level reaches 2.428 m asl for site 2 and 1.830 m asl for site 3 (C Hill, 
Chairman of the L2 drainage committee pers. Comm. 2007) (traditional levels) during the 
dry season. It is also important to note that during summer, when the lake level is low, swans 
found in the lake may move into the L2 River to eat the weeds, resulting in no weed cutting 
being carried out for that year (C Hill, Chairman of the L2 drainage committee pers. Comm. 
2007). The cutting of the submerged weed within the L2 channel trims the semi-emergent 
species, which will in itself have a beneficial effect on reducing flooding. Resource consents 
relating to the installation of a boom to retain weed from the weed cutting process in the L2 
were obtained in 1999 (Appendix H). 
 
Figure 6-7 Ellesmere Queen, the floating weed cutting plant (Lane 2004) 
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Drain cleaning of the drainage ditches within the district is normally undertaken during 
the period of April/May. In the event that a major rainstorm event occurs during late spring 
or summer (i.e. when the weeds are blossoming) the drainage network performance would 
be severely affected, since both the culverts and drainage ditches within the network would 
be blocked with weeds (Figure 6-8).   
 
Figure 6-8 Weeds within the drains at McDonald and Springs Road (January 2007) 
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Drain cleaning operations have been carried out intensively over the years; this has 
resulted in a deepened channel with steep sides and in the physical removal of stream life. 
As a result of this, the habitat has been damaged and this has also increased sediment 
following the cleaning operation from the steep sides of the bank collapsing (Figure 6-7). 
 
Figure 6-9 Bank collapse due to the steep sides on bend within the L2 channel 
 
6.2 Simulations of the Impact of Lake Level Rise coupled with large 
Rainstorm Events 
The aim of the computational modelling programme was to quantify what the effects of 
higher lake levels, coupled with large storm events (2, 10 and 20 ARI) will be on the L2 
drainage scheme in the future. To determine these effects, simulations using both the 
hydrologic and hydraulic models were executed for a number of scenarios. The HEC-HMS 
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model was used to simulate rainstorms with 2, 10 and 20 years Average Recurrence 
Interval (ARI) data for both the winter (August) and summer (December) periods. The 
results from the HEC-HMS simulation were then used as input for the hydraulic simulations 
of the L2 River with the MIKE 11 model. The hydraulic simulations were modelled with 
varying lake levels to determine what effects higher lake levels coupled with large 
rainstorms would have on the drainage network. 
6.2.1 Hydrologic Simulation of Various Scenarios 
6.2.1.1 User specified design storm 
Rainfall data to calculate precipitation input for the hydrologic simulations was obtained 
from the HIRDS (High Intensity Rainfall Design System) software from NIWA (National 
Institute of Water and Atmospheric Research). Using the coordinates of the catchment center 
(5727828.55N; 2463992.70E (New Zealand Map Grid)), the rainfall depths were produced 
for 2, 10 and 20 year ARI storms. These data were then interpolated and analysed to obtain 
the redistributed rain (mm) so as to have maximum precipitation at the end of the second 
quartile. This was done based on rainfall data obtained for the L2 catchment and is a 
representation of storm events that are occurring within the catchment. The interpolation and 
analysis was done using the procedure outlined below. The natural log (ln) of intensity 
(mm/hr) was plotted against ln of duration (hrs) (Intensity Duration Frequency curve (IDF)) 
and a trend line was fitted to the data (Figure 6-10). From the obtained equation, rainfall 
intensity was computed for 12 hours in 30-minute intervals, since it this standard for the 
region. From the intensity, accumulated depths (intensity times duration) and incremental 
depth (acc. depth at time, t minus acc. depth at time, t-1) were calculated and the latter was 
redistributed to have maximum precipitation at the end of the second quartile (Figure 6-11).  
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Figure 6-10 IDF curve, natural log of Intensity as a function of natural log of Duration for the 2, 10 
and 20 year ARI storm events  
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Figure 6-11 Redistributed precipitation using the second quartile method for the 2, 10 and 20 year 
ARI storm events 
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Figure 6-12 Rainfall intensity as a function of duration for the L2 catchment 
 
All hydrologic simulations were run for 60 hours from the start of the precipitation. The 2, 
10 and 20 year ARI storms were simulated for both winter (August month) and summer 
periods (December). Figure 6-13 and Table 6-1 shows a summary table of the results for the 
runs. There was a difference in the results for the simulations carried out between the winter 
and summer periods, which was due to the difference in baseflow observed within the 
catchment (see section 4.1.4.2). 
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Figure 6-13 Subbasins, junctions and outlet of the L2 catchment (Land Information New Zealand 
1:50000 Topographic Map sheets) 
 
Table 6-1 Summary table of hydrologic simulations for current conditions for both winter and 
summer period 
          
    Winter      
      Peak Outflow (m3/s)        
 ARI Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 Junction 1 Junction 2 Outlet  
 2 Yr 3.04 1.40 2.35 3.07 3.83 5.41 7.93  
 10 Yr 4.52 2.31 4.17 4.64 5.62 8.18 11.81  
 20 Yr 5.56 2.93 5.51 5.79 6.87 10.18 14.64  
          
    Summer      
      Peak Outflow (m3/s)        
 ARI Subbasin 1 Subbasin 2 Subbasin 3 Subbasin 4 Junction 1 Junction 2 Outlet  
 2 Yr 2.71 1.51 1.99 2.76 3.62 4.84 7.06  
 10 Yr 4.21 2.43 3.83 4.35 5.43 7.65 10.99  
 20 Yr 5.25 3.05 5.17 5.50 6.68 9.65 13.82  
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The winter storms produced a higher peak outflow than the summer storms by an 
average of 9.16 per cent, 5.12 per cent and 4.01 per cent for the 2, 10 and 20 year ARI 
storms respectively. Figures 6-14, 15 and 16 show the outflow from all basins, the junctions 
and the outlet for the 2, 10 and 20 year storms for the winter period. Apart from showing the 
specific results from the run, the graph also shows the flows in each part of the catchment 
and when the different peak flows occurred. From the beginning of the rainfall it takes 
approximately 27 hours before the peak outflow is visible at the outlet, whilst the runoff 
from the lower basin reaches the outlet earlier. For the 20 year ARI storm during the winter 
period, the peak flow at the outlet (14.64 m3/s) was 3.6 times larger than the baseflow (4.08 
m3/s).  
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Figure 6-14 Simulation of the 2 year ARI storm event during winter period 
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Figure 6-15 Simulation of the 10 year ARI storm event during winter period 
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Figure 6-16 Simulation of the 20 year ARI storm event during winter period 
 
  
118
For all the storms simulated for both winter and summer periods, the peak flow at the 
outlet was 161.8 per cent greater than the peak outflow from subbasin 1. It is believed that 
due to climate change the frequency of higher intensity storms will increase. 
6.2.2 Hydraulic Simulation of Various Scenarios 
The results from the hydrologic simulations were used as input for the hydraulic simulation. 
Hydraulic simulations were carried out for both winter (i.e. when the vegetation impact is 
minimal) and summer (i.e. when the vegetation is blossoming). For each storm event the 
lake level was set to ‘normal’ opening level (i.e. 1.13 m for winter and 1.05 m for summer), 
a ‘high’ lake level (i.e. 1.28 m for winter and 1.20 m for summer were assumed based on a 
15 cm rise in lake opening level) and a ‘very high’ lake level (i.e. 1.48 m for winter and 1.40 
m for summer were assumed based on a 35 cm rise in lake opening level). Figures 6-17, 18 
and 19 show a summary of the simulated water levels for the 2, 10 and 20 year ARI storm 
events for ‘normal’, ‘high’ and ‘very high’ lake conditions for both winter and summer 
periods. 
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2 Yr ARI hydraulic simulation results
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Figure 6-17 Summary of simulated results for the 2 year ARI storm event for winter and summer 
periods 
 
10 Yr ARI hydraulic simulation results
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Figure 6-18 Summary of simulated results for the 10 year ARI storm event for winter and summer 
periods 
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20 Yr ARI hydraulic simulation results
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Figure 6-19 Summary of simulated results for the 20 year ARI storm event for winter and summer 
periods 
 
Even though the winter simulated storms (hydrologic) produced larger peak outflows, the 
summer storms’ simulations resulted in higher water levels within the channels, hence again 
highlighting the effect of the weeds within the channel. The peak outflow (m3/s) for the two 
year ARI rainstorm, for the summer period was 9.16 per cent less than that for the 
corresponding storm during the winter. However, the water levels for the summer hydraulic 
simulation were found to be 7.95 per cent, 7.50 per cent and 7.25 per cent for the normal, 
high and very high lake levels respectively higher than that for the corresponding winter 
simulation. This trend continued, that is, the water level within the channel was greater 
during the summer simulations, than for winter simulations for both the 10 and 20 year ARI 
storms (Figures 6-17, 18 and 19). 
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Figure 6-20 shows the difference in water levels (dashed red lines) for both winter and 
summer periods for the 10 year ARI storm, with very high lake levels. The solid black lines 
represent the right bank (looking upstream), while the broken black line represents the left 
bank of the L2 River. The dashed red lines represent the maximum water level within the 
channel. As shown in Figure 6-20 (top), cross-sections 11 and 12 were completely flooded, 
that is, flooding occurred from chainage 6950 m (both banks were overtopped) to site 4. 
However, for the summer simulation, six cross-sections were completely overtopped 
(sections 1, 2, 5, 7, 11 and 12), with flooding occurring downstream from chainage 6300 m 
to site 4 (approximately 2.7 km from site 4), that is, a difference of 650 m more upstream for 
the summer simulation than for the winter (greater flooding upstream in the summer). 
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Figure 6-20 Comparison of water levels (dashed red lines) for both winter (top) and summer (bottom) 
periods for the 10-year storm with a very high lake level 
 
Figure 6-21 (top) shows the simulated flood depth for the 20-year ARI rainstorm during the 
winter period at a very high lake level. Cross sections 1, 2, 5, 7, 11 and 12 (Figure 6-21 
(bottom)) was flooded as a result of this storm coupled with a very high lake level. The 
maximum flood depth occurred at cross section 5 (Silverstream) with a depth which was 
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greater than 1.04 m. The second highest flood depth along the length of the L2 River 
occurred at Yarrs Lagoon (i.e. between cross sections 7 and 8) followed by cross section 3 
(north of McDonald Road). These are the same areas identified previously that are likely to 
be flooded (Figure 5-6).    
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Figure 6-21 Flood depth (top) and the longitudinal view a 20-year ARI storm simulated during the 
winter period with a very high lake level 
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The increase in lake levels does not have much of an effect upstream of the L2 River, 
with the largest increase in water level of 3.50 per cent occurring at site 3 during the 2 year 
ARI storm event, with a ‘very high’ lake level during the winter period. The effect of the 
increased lake level is further reduced upstream, with site 1 registering a maximum increase 
in water level of 0.08 per cent and site 2 an increase of 0.78 per cent for all the various 
scenarios. Since the outlet (site 4), is influenced by the lake level, this area and 
approximately 2.7 km upstream of the river outlet is affected the most by the higher lake 
levels. With the lake level set to ‘high’ condition for the two year ARI storm, the entire 
section between cross-sections 11 and 12 was flooded.  
In reality this means that farmlands adjacent to Lake Ellesmere will be flooded with an 
increase in lake opening levels for a 2 year ARI storm event. If the lake opening level is 
increased for both summer and winter to the ‘high’ level or the ‘very high’ level, the winter 
period will see the greatest percentage increase in the water level within the L2 River at 
baseflow conditions.  
Even though the hydrologic model simulated large peak flows for the 2, 10 and 20 year ARI 
storms, in reality, the L2 River would not see such large peak flows and high water levels as 
simulated by the hydraulic model, simply because of the amount of ponding/flooding that 
takes place within the catchment. As shown in Figure 6-21, long stretches of the L2 River 
would overtop its banks causing flooding. 
Even though a ‘higher’ lake level is required to maintain the same outflow gradient to the 
sea (due to the expected rise in sea level), this increase will not have any major effect 
upstream of the river, that is, from cross sections 10 and below (9, 8, 7…). The lower 
reaches of the L2 River would flood directly from higher lake levels. Therefore, the effect 
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from increased lake levels is not translated upstream in the L2 River and hence in the 
drains discharging into the drainage network.  
In the event that the lake opening levels are increased and whenever a strong south-easterly 
wind is prevailing, the water level at the outlet of the L2 River will rise as much as 0.5 m. 
This sudden increase in water level at the outlet will only have a minimal effect upstream of 
the river as indicated by the hydraulic model and also by the water level data collected 
(Figure 4-5), but will result in flooding of the farmlands adjacent to Lake Ellesmere (within 
2 km of the L2 River mouth). Therefore, measures would have to be implemented in order to 
prevent this flooding, which would be increased in frequency once the lake opening levels 
have been increased. 
Since both the hydrologic and the hydraulic models performed satisfactorily, they can be 
used as a predictive tool for the management and operation of both Lake Ellesmere and the 
L2 drainage network.  
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7 Summary and Conclusions 
7.1 Introduction 
The potential impact of sea level rise on Lake Ellesmere – Te Waihora and the subsequent 
effect on the efficiency and performance of the L2 Drainage network were investigated in 
relation to the operation of the L2 Drainage scheme. Lake Ellesmere is currently manually 
opened for drainage to the sea when the lake levels reach 1.05 m above mean sea level (asl) 
in summer and 1.13 m asl in winter. Mean sea levels around New Zealand have already 
shown a 10 cm to 20 cm rise over the past 100 years  and it is expected to rise between 9 to 
88 cm by the end of the century6 (Ministry for the Environment). With a rise in sea level, the 
lake opening levels for both summer and winter would have to increase in order to maintain 
the current hydraulic gradient.  
7.2 Objective and Methodology 
The general objective for this thesis was to understand the flow dynamics of the drainage 
network so that the behaviour of the L2 drainage system could be predicted as Lake 
Ellesmere levels fluctuate. This research was carried out using an integrated approach to 
study this potential impact, including fieldwork, analysis of data, hydrologic and hydraulic 
modelling. Extensive fieldwork was necessary to measure the L2 River bed slope, cross-
sectional geometries, channel roughness coefficient (Manning’s n), flow velocities and water 
levels to enable calibration and modelling with the computational (hydrologic and hydraulic) 
models.  
 
6 Extreme values from Ministry for the Environment report 
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7.3 Computational Modelling 
Both the hydrologic and hydraulic response of the L2 catchment were reproduced with 
reasonable accuracy by computational models. The models were calibrated and validated by 
modifying input parameters in an attempt to match field observation (data collected and 
analysed from fieldwork). Four parameters: curve number, initial abstraction, impervious 
and lag time were subject to calibration and validation within the HEC-HMS hydrologic 
model. The MIKE 11 hydraulic model was calibrated and validated by modifying Manning’s 
n values according to field observation. 
7.4 Results of the Computational Modelling 
The aim of the computational modelling was to quantify what the effects of higher lake 
levels, coupled with large storm events (2, 10 and 20 Average Recurrence Interval (ARI)) 
will be on the L2 drainage scheme in the future. To determine these effects, simulations 
using both the hydrologic and hydraulic models were executed for a number of scenarios. 
The HEC-HMS model was used to simulate rainstorms with 2, 10 and 20 years Average 
Recurrence Interval (ARI) data for both the winter (August) and summer (December) 
periods. The results from the HEC-HMS simulation were then used as input for the 
hydraulic simulations of the L2 River with the MIKE 11 model. The hydraulic simulations 
were modelled with varying lake levels to determine what effects higher lake levelss coupled 
with large rainstorms would have on the drainage network. 
An increase in the lake opening levels, coupled with south-easterly wind was shown to have 
increased the degree of flooding on adjacent farmlands, but only produced a 3.50 per cent 
increase of water level (maximum for all conditions simulated) 3.5 km upstream on the L2 
River. The effect of the increased lake level is further reduced upstream, with monitoring 
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site 1 (9 km upstream of the river outlet) registering a maximum increase in water level 
of 0.08 per cent and site 2 (6.7 km upstream of the river outlet) an increase of 0.78 per cent 
for all the various scenarios. It was also found that the weeds within the L2 River control the 
water level within the channel, a rise of approximately 0.30 m was observed from the winter 
to summer season. Water level rise within the L2 channel has been associated with the weed 
growth. Even though the winter simulated storms (hydrologic) produced larger peak 
outflows, the summer storms’ simulations resulted in higher water levels within the 
channels, hence again highlighting the effect of the weeds within the channel. The actual 
stream banks height determines whether the water level rise caused by the weeds is 
sufficient to cause flooding of surrounding land. Sections of the river with low stream bank 
height are susceptible to frequent overtopping. 
7.5 Limitations in Measurements 
Two major limitations affected the accuracy of this research. Firstly, the capacitance water 
level logger installed at monitoring site 1 did not capture the major rainstorm events that 
occurred during the period of study. This affected the calibration of the hydrologic model to 
some extent (measures were taken to overcome this problem). Secondly, the accuracy of the 
rating curves constructed to estimate discharge from the water level data recorded by the 
loggers was also affected due to the rapid growth of weeds from the winter to summer period 
within the channel.  
7.6 Conclusions 
Overall, the results of this study add to the understanding of the dynamics of the flow within 
the L2 River. The potential for both models to be used as a predictive tool for improving the 
operation of the L2 scheme and Lake Ellesmere was limited by the difficulty in estimating 
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model parameters, especially for the hydrologic model. However, with appropriate 
parameterization they are likely to be useful for both the operation of the river and Lake 
Ellesmere with its current control system, and as a basis for increasing their efficiency.  
It was concluded that:  
• The hydrologic and the hydraulic models that were developed can be used as 
predictive tools for the management and operation of both Lake Ellesmere and the 
L2 drainage network.  
• The L2 drainage system was found to be efficient in draining water from a rainstorm 
event (not an extreme event), especially during the winter period, since drain 
cleaning is done prior to this season; however the efficiency is drastically reduced 
during the summer period, caused by the weed growth. In the event that there is a 
major rainstorm during the dry season, there will be lots of ponding/flooding areas 
within the scheme. 
• It was found that with the sea level rise, the current lake opening levels would have 
to be increased to maintain the same outflow gradient to the sea. 
• An increase in lake opening levels would have minimal water level impacts in the 
upstream reaches of the L2 River; the majority of the impacts would be seen on 
farmlands adjacent to the lake. With strong prevailing south-easterly winds this 
effect will be amplified. 
• The water levels within the L2 River are drastically affected by weeds, by blocking 
the channel, hence effectively reducing the channel geometry and increasing the 
water level within the channel. The water velocity for all the monitoring sites 
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reduced over the period of study as a result of the vegetation growth within the 
channel, hence increasing the Manning’s n coefficient from winter to summer. 
• The sensitivity analysis of the hydraulic model shows the Manning’s n was a 
sensitive parameter, but not a critical one.  The least-defined cross section in the 
upper reach of the L2 River affects the elevation and the slope of the channel, and 
results in an increase in the water level within the channel. Likewise, since the lower 
reach is wider, fewer points can be surveyed. It was found that this affects the 
simulated water level to a small extent.   
• The sensitivity analysis of the hydrologic model shows the most sensitive parameter 
was the curve number on the peak flow. The curve number was also the most 
sensitive parameter when it comes to total volume. The lag time was the most 
sensitive parameter when it comes to peak time.  
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8 Recommendations 
Recommendations for further research: 
• Improvement of the rating curves used to convert the measured water level to 
discharge, hence improving the calibration of the models. 
• Further research into effects of weed within the L2 channel. 
• Research into future land use changes including more drains, that is, from the 
establishment of new sub–divisions within the L2 catchment (varying curve 
numbers).  
• Increase the number of cross-sections defined, as well as defining the drainage 
ditches draining into the L2 River, thus extending the scope of the hydraulic model. 
• Study means of the protection of the adjacent farmland from flooding that will result 
from higher lake levels – while protecting the environment. 
• Study the potential rise in soil moisture in farmland due to higher water levels in 
drains.  
• To study the impact of groundwater within the catchment coupled with an increased 
lake level (a higher water table). 
• Investigation of the water quality and the impact on ecology/fish as a result of an 
increased lake opening level from the lake being flushed less frequently. 
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Recommendations on how to manage a sea level rise: 
• Investigation into increasing the storage capacity along the L2 channel (Yarrs 
Lagoon and probably Moirs Lane) as well as the development of wetlands and 
retention ponds to reduce the magnitude of flooding from extreme rainstorm events. 
• Given more frequent extreme events that drain cleaning is done more often and more 
thoroughly within the catchment.  
• The planting of appropriate vegetation (perennial grasses and others) on the slopes of 
the banks should be considered to prevent erosion due to high water levels or quicker 
fluctuations. 
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Appendices 
A. Groundwater abstraction, surface water takes and discharge 
consents along the L2 River 
This appendix shows groundwater abstractions, surface water takes and discharge consents 
along the L2 River, obtained from Lane (2004). 
 
 
Appendix A 1 Groundwater abstraction, surface water takes and discharge consents along the L2 River 
(Lane 2004) 
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B. Low Flow Recommendation 
This appendix contains minimum low flow recommendations for the L2 River, obtained from 
the Lincoln Integrated Catchment Plan (ICMP) report complied by URS consultants. 
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C. Loggers and Cross Sections Photographs 
This appendix show photographs of the locations where water level loggers were 
installed as well as the locations where cross sections were surveyed along the 
length of the L2 River. 
 
 
Appendix B1 Looking upstream of logger site 1/cross section 1 (Loch Ness) 
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Appendix B2 Capacitance water level logger (site 1)/Cross section 1 
 
 
Appendix B3 Cross section 2 
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Appendix B4 Cross section 3 
 
 
Appendix B5 Cross section 4 
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Appendix B6 Cross section 5 
 
 
Appendix B7 Capacitance water level logger 2 (site 2)/Cross section 6 
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Appendix B8 Cross section 7 
 
 
Appendix B9 Cross section 8 
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Appendix B10 Capacitance water level logger 3 (site 3)/Cross section 9 
 
 
Appendix B11 Cross section 10 
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Appendix B12 Cross section 11 
 
 
Appendix B13 Capacitance water level logger 4 (site 4)/Cross section 12 
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D. Runoff Curve Numbers Table 
This appendix contains the runoff curve number table used for estimating the curve number for the 
L2 catchment, obtained from Mays (2005). 
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E. Sensitivity Analysis  
This appendix contains summaries of the sensitivity analysis of the hydrologic model, for 3 rainstorm events within the period of August to 
October, 2006. 
Appendix D 1 Sensitivity Analysis Summary Table – Curve Number 
 
CN number   Original Storm 1   Original Storm 2   Original Storm 3   
  Values Analyse % change Values Analyse % change Values Analyse % change 
      Values      Values      Values   
Average curve number 63.000 76.250   63.000 76.250   63.000 76.250   
% difference to original value     21.032     21.032     21.032
              
Model Results              
Peak Value (m3/s) 4.940 4.980   5.640 6.230   21.130 30.950   
% difference to original value     0.810     10.461     46.474
Peak time (hrs after start) 32.500 32.830   29.500 30.330   39.170 38.830   
% difference to original value     1.015     2.814     -0.868
Total Volume (1000 m3) 1211.350 1219.870   1152.700 1190.360   2698.150 3367.660   
% difference to original value     0.703     3.267     24.814
              
Relative sensitivity (% change results / % change CN)         
Peak value (%)      0.038     0.497     2.210
Peak time (%)    0.048   0.134   -0.041
Total volume (%)      0.033     0.155     1.180
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Appendix D 2 Sensitivity Analysis Summary Table – Initial Analysis 
 
           
Ia   Original Storm 1   Original Storm 2   Original Storm 3   
  Values Analyse % change Values Analyse % change Values Analyse % change 
       Values      Values      Values   
Average Ia number (mm) 12.700 33.628   12.700 33.628   12.700 33.628   
% difference to original value     164.785     164.785     164.785
              
Model Results              
Peak Value (m3/s) 4.940 4.900   5.640 5.220   21.130 12.720   
% difference to original value     -0.810     -7.447     -39.801
Peak time (hrs after start) 32.500 32.170   29.500 29.500   39.170 46.000   
% difference to original value     -1.015     0.000     17.437
Total Volume (1000 m3) 1211.350 1203.220   1152.700 1118.200   2698.150 2030.710   
% difference to original value     -0.671     -2.993     -24.737
              
Relative sensitivity (% change results / % change Ia)         
Peak value (%)       -0.005     -0.045     -0.242
Peak time (%)    -0.006   0.000   0.106
Total volume (%)       -0.004     -0.018     -0.150
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Appendix D 3 Sensitivity Analysis Summary Table – Lag Time 
 
           
Lag Time   Original Storm 1   Original Storm 2   Original Storm 3   
  Values Analyse % change Values Analyse % change Values Analyse % change 
       Values      Values      Values   
Average lag time (mins) 612.500 705.000   612.500 705.000   612.500 705.000   
% difference to original value     15.102     15.102     15.102
Model Results              
Peak Value (m3/s) 4.940 4.900   5.640 5.580   21.130 20.280   
% difference to original value     -0.810     -1.064     -4.023
Peak time (hrs after start) 32.500 33.830   29.500 30.500   39.170 40.670   
% difference to original value     4.092     3.390     3.829
Total Volume (1000 m3) 1211.350 1210.990   1152.700 1152.330   2698.150 2698.060   
% difference to original value     -0.030     -0.032     -0.003
              
Relative sensitivity (% change results / % change Lag Time)         
Peak value (%)       -0.054     -0.070     -0.266
Peak time (%)    0.271   0.224   0.254
Total volume (%)       -0.002     -0.002     0.000
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F. Photographs – Flood Events 
This appendix contains photographs of flood events that occurred in August 1986, August 1992 and July 1994, obtained from Environment Canterbury. 
August 1986 Flood Event 
 
Appendix E1 L2 River in foreground. Hudsons/Ellesmere Road junction centre left. (East) (1986-08-24) 
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Appendix E2 L2 River in centre. Collins road lower centre. (East) (1986-08-24) 
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Appendix E3 Selwyn River upper right. Days Road and South Springston L2 on left. (South) (1986-08-24) 
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Appendix E4 L2 in centre. Looking south across Yarrs Flat to Lake Ellesmere. (1986-08-24) 
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Appendix E5 Selwyn River upper right. Days Road and Tramway Road 
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Appendix E6 L2 River in centre. Springston south lower left. (East) (1986-08-24) 
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Photographs – August 1992 Flood Event 
 
Appendix E7 Englishs Road and L2 lower centre (Southeast) (1992-08-30) 
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Appendix E8 L2 in foreground. Pannetts Road Bridge centre right (Southeast) (1992-08-30) 
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Appendix E9 L2 on left, Yarrs Flat on right (North) (1992-08-30) 
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Appendix E10 L2 at Lake Ellesmere (Southwest) (1994-07-28) 
Photograph – July 1994 Flood Event 
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G. Drain Maintenance 
This appendix contains summaries of drain maintenance carried out with the L2 catchment, 
obtained from the Lincoln Integrated Catchment Plan (ICMP) report compiled by URS consultants. 
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H. Resource Consent Conditions 
This appendix contains summaries of the Resources Consent conditions relevant to weed 
removal of the L2 River, obtained from Environment Canterbury website. 
RecordNo CRC000818 Consent Summary 
Type Consent 
Source Applic /New 
Section  
FileNo CO6C/16404  
 
ClientName Selwyn District Council 
To to erect, reconstruct and use a structure across the LII River, at or about map reference 
NZMS 260 M36:6565-2180, for the purpose of capturing cut weed. 
Location Lii River, Lake Ellesmere 
Events 22 Nov 1999  Consent Commenced  
19 Nov 2001  Consent Given Effect To  
22 Nov 2001  Lapse Date if not Given Effect To  
1 9 Nov 2034  Consent Expires  
Subject to the following conditions: 
1  The boom structure shall be erected, reconstructed and used in accordance with the details of 
the Selwyn District Council's facsimile dated 18 November 1999, submitted as part of this 
consent application.  
2  The boom structure shall be under constant supervision while weed is accumulating, in 
accordance with the details provided in the consent application.  
3  In the event that the boom structure or weed or other accumulated material causes water levels 
to rise to a height greater than 0.4 metres above the water level immediately downstream of the 
boom, or if the available freeboard is reduced by more than 0.2 metres further than 500 metres 
upstream of the boom, the consent holder shall immediately remove accumulated weed and 
other material.  
4  The consent holder shall maintain a record of each occasion accumulated material is released 
from the boom for flood relief purposes.  
5  Whilst the boom structure is in place, the consent holder shall do the following.(a) Maintain signs 
at the Wolfes Road Boat Ramp, Days Road and at a point 20 metres downstream of the boom 
structure. The signs shall warn river users of the presence of the boom structure and shall be 
capable of being read at a distance of at least five metres.(b) Attach a light to the boom 
structure during hours of darkness so that it can be clearly seen.  
6  The boom structure shall not be used during the first two weeks of May or October in each year.  
7  At least seven days prior to the use of the boom structure, the consent holder shall advise Te 
Runanga o Taumutu, Te Runanga o Ngai Tahu and Fish and Game New Zealand of their 
proposed weed control programme.  
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8  The Canterbury Regional Council may, on the last working day of November each year, serve 
notice of its intention to review the conditions of this consent for the purposes of:(a) dealing with 
any adverse effect on the environment which may arise from the exercise of this consent and 
which it is appropriate to deal with at a later stage; or(b) requiring the adoption of the best 
practicable option to remove or reduce any adverse effect on the environment; or(c) complying 
with the requirements of a relevant rule in an operative regional plan.(d) relocating the boom 
further downstream if significant adverse effects occur in the LII River or Lake Ellesmere/Te 
Waihora from the cut and release of of aquatic weed.  
9  Charges, set in accordance with section 36 of the Resource Management Act 1991, shall be paid 
to the Regional Council for the carrying out of its functions in relation to the administration, 
monitoring and supervision of resource consents and for the carrying out of its functions under 
section 35 of the Act.  
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RecordNo CRC000819 Consent Summary 
Type Consent 
Source Applic /New 
Section  
FileNo CO6C/16404  
 
ClientName Selwyn District Council 
To to discharge cut weed into Lake Ellesmere/Te Waihora at or about map reference NZMS 
260 M36:6624-2001. 
Location Lii River, Lake Ellesmere 
Events 22 Nov 1999  Consent Commenced  
19 Nov 2001  Consent Given Effect To  
22 Nov 2001  Lapse Date if not Given Effect To  
1 9 Nov 2034  Consent Expires  
Subject to the following conditions: 
1  The discharge shall only comprise cut weed downstream of the boom structure authorised by 
consent CRC000818 and 10 percent slippage material as described in the consent application.  
2  A record of complaints relating to the discharge of weed shall be maintained, and shall 
include:(a) location where the weed was incountered by the complainant;(b) date and time 
where the weed was incountered;(c) the most likely cause of the weed discharge; and(c) any 
corrective action undertaken by the consent holder to avoid, remedy mitigate adverse effect.This 
record shall be provided to the Canterbury Regional Council by 1 June each year, and otherwise 
on request.  
3  All practicable measures shall be undertaken to minimise adverse effects on property, amenity 
values, wildlife, vegetation and ecological values.  
4  The Canterbury Regional Council may, on the last working day of November each year, serve 
notice of its intention to review the conditions of this consent for the purposes of:(a) dealing with 
any adverse effect on the environment which may arise from the exercise of this consent and 
which it is appropriate to deal with at a later stage; or(b) requiring the adoption of the best 
practicable option to remove or reduce any adverse effect on the environment; or(c) complying 
with the requirements of a relevant rule in an operative regional plan.  
5  Charges, set in accordance with section 36 of the Resource Management Act 1991, shall be paid 
to the Regional Council for the carrying out of its functions in relation to the administration, 
monitoring and supervision of resource consents and for the carrying out of its functions under 
section 35 of the Act.  
 
 
